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SYLLABUS

The Division Engineer finds that experienced flood losses
in the intensively developed upper Naugatuck River Valley are
sufficient to justify reservoir protection for the Torrington area.
He points out that the authorizéd Thomaston Dam and Reservoir,
being located downstream of Torrington, provides no flood pro-
tection for that aréa.

He recommends construction of two dams and reservoirs
on tributaries of the Naugatuck above Torrington at a total esti-
mated cost to the United étates of $3, 740, 000, He further
recommends that local interests be reqﬁired: (1) to provide,
without cost to the United States, all lands, easements, and
rights-of-waynecessaryfor the construction and operation of the
projects; and (2) to maintain the projects after completion. He
further recommends that these reservoirs be constructed in- the
imr;nediate future since uninterrupted operations ofthe brass and
other metal manufacturing facilities of the valley are vital to the

national economy.



SUBJECT: Interim Report for Flood Control, Housatonic River Basin,
Upper Naugatuck River above Torrington, Commecticut

TOs Chief of Engineers
Department of the Army
Washington 25, D, C.
ATTENTION: ENGWF

l. AUTHORITY

This report is submitted pursuent to authority contained in
Resolution of the Committee on Public Works of the United States
Senate, adopted September i, 1955:

"The Board of Engineers for Rivers and Harbors, created

under Section 3 of the River and Harbor Act, approved

June 13, 1902, be and is hereby requested to review

previous reports nn the...Housatonic River, Connecticut...

in the ares affected by the hurricane flood of August 1955,

to determine the need for modification of the recommendations

in such previous reports and the advisability of adopting
further improvements for flood sontrol and allied purposes

in view of the heavy damages and }ess of life caused by
such floods." '

2. SCOPE OF SURVEY

2,1 Scope. - This interim report of survey scope for the
Naugatuck River watershed asbove Torrington, Connecticut is sub-
mitted in partial compliance with lst indorsement, dated 16 Sep-
tember l955, from the Chief of Engineers to letter from the Senate
Public Works Committee, dated 1 September 1955, subject, ™orth-

eastern States Hurricane Flood Study."



This report is a review of flood problems in the Naugatuck River
watershed in and above Torrington, Connecticut and makes specific recom=-

mendations in the interest of flood control.

2.2 Topographic Surveys. - Topographic work at potential dem sites

consistedof field checking the topography of recent U.S. Geological Survey

and U.S, Army Map Service sheets.

2.3 Subsurface Exploration, - Subsurface explorations have been

conducted at two potential dem sites. Results of geologic and soils

investipgations are included in Appendix A,

2.l Flood-Demage Survey., = Surveys of the flood demapge were made

after the floodsvof 1938, 19h89 and 1955, The surveys consisted of
personal interviews with municipal and state officials, officers of
industrial concerns,and private individuals suffering damages, A summe-
ry of the flood~damage studies is presented in Ses. 10 and 11 of +this

report. Supporting data is given in Appendix B.

2,5 Conferences with Local Interests, - Special Act 52, November-

December 195% specisl session of the Connecticut General Assembly, ap-
pointsd a Naugatuck Volley River Control Commission, Section 2 of the
enabling act states "said Commission shall study in all its aspects the
problem of flood control in the Naugatuck River Valley.....shall cooperate
with and correlate its efforts with Pederal agencies in the same field and

shall give all possible aid to the regional and municipal flood control."



The Commission has held meetings with Federal, State, and municipal
agencies and with private citizens in order to formulate a floed-control
plan for the valley. The Corps of Engineers aided in the work of the
Commission and furnished dats and technical assistance. Local:interests
and State agenciss have written to express their approval and support of
early construction of the improvements recommended in this report. Copies

of these letters are attached as Appendix C,

3. PRIOR REPORTS

3,1 Published Reports. - Flood control on the Naugatueck River hsas

been considered in the following reports on the Housatonic Rivers

House Document

No, congress Session - Date Remarks
L6 72nd ist Feb. 10, Preliminery réport
1932 covering navigation,

flood control, power
development, and irri-
gation, Summarizes
previous reports on
the Housatonic River

basin,
338 77%th 1st July 31, Reviews the previous
191 report on the Housatonic

River besin and rscom-
mends construction of
Thomaston Reservoir,

3.2 Unpublished Report. - In the following unpublished report, the

flood problem in the Naugstuck River watershed was treated as a part of

the over-all problem in the Housatonic basing
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The Resources of the New England-New York Region
preparsd by the New England-New York Inter-Agency
Committee

This report was prepared pursuant to directive contained in the
Presidential Letter of October 9, 1950. This comprehensive report
inventoried the resoursces of the New England-New York ares and recom-
mended a master plan to be used as a guide for the regional planning,
development, conservation, and use of land, water, and related resources

of the region; also included were proposals to reduce flood losses.

5.5 Reports of Other Apgencies. - The Naugatuck Vallsy River Control

Commission has issued an “"Interim Report on the Problem of Flood Control
on the Naugatuck River and Tributaries and Adjacent Streams ™ (March 1956).
Various other reports by plaming boards and other town and State agen=
vies have been of value in determining experienced flood damage and sug-

gesting methods of improvements,

L4+ DESCRIPTION

L.l General, ~ The Naugatuck River, prineipal tributary of the
Housatonic, is a rapidly flowing, non-navigable streem., The watershed,
which lies wholly within the western part of Connecticut, is about 50
miles long with s maximum width of 12 miles and a total drainage area of
312 square miles, The drainage area at Torrington is approximately 50
square miles, The headwaters of the Naugatuck lie about 6 miles south

of the Massachusetts line in the southeast corner of the town of Norfolk

Ly
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at an elevation of about 1,500 feet, Betwsen the headwaters and
‘Torrington, the river falls approximately 900 feet in about 13 miles.
The general direction of flow is southerly, through Torrington,
Thomaston, Waterbury, Naugatuck, Beacon Falls, Seymour, and Ansonia
to Derby’where'the“Naugatuck joins +he Housatonic in its tidal reach,

‘about 12,25 miles from Long Island Sound.

h?E Geology., = The watershed is generally hilly with narrow

‘valleys. The steeply inclined ridges of the upper valley are composed

of folded schists, limestonme, and quartzite with a thin overburden of
glacial till (sand, gravel, and cobbles). Stratified deposits are

found in terraces throughout the river bottom lands and along the sides
of the valley, The hills and a large portion of the valleys are covered

with second- and third-growth timber,

- h,} Tributaries, - The Naugatuck River above Torrington has two
main tribufariess the West Branch and the East Branch, The larger West
Branch drains approximatdly 35 square miles. Hall MeadoW'Brookg main
tributary of the West Branch, drains approximately 15.7 square miles,
The East Branch drains about 1l square miles. Both streams are sources
of high runoff during periods of intense rain and during periods of

snowmelt,

L)y Ares Maps.- The Naugatuck River and its watershed are shown
on standard quadrangle sheets of the U, §. Geological Survey, scale of

1:%1,680 and on standard quadrangle sheets of the U. S. Army Map Service,



scale of 1:25,000, A map of the Naugatuck River watershed above Thomaston
is ineluded asz Plate 1 of this report. Profiles of the Naugatuck River

ond its principal tributaries above Thomaston are shown on Plate 2,

5, ECONOMIC DEVELOPMENT

5.1 Population, - The upper Naugatuck River watershed had a popula-
tion of approximetely 71,500 in 1955, of which 28,000 are in the city of
Torrington. The area has shown rapid growth in industrial development

and enjoys a favorable location with respect to mejor markets,

5.2 Trangportation. = The Torrington erea is served by State High-

ways Li, 8, 25, and 72, and by a network of hard-surfaced and gravel roads.
A branch line of the New York, New Haven & Hartford Railroad provides
passenger and freight service for the entire Neugatuck River Valley from

Derby to its terminus in Winsted,

505 Manufecturing. - The densely populsted Naugatuck Valley is one

of the key industrial concentrations in the United States. It is one of
the most important non-ferrous metal manufecturing centers in the nation,
From the valley's industries come about L4LO% of the country's brass and
bronze industrial shapes and a large part of the aluminum, zine, and copper
products. Other importent industries include cloclmsking and the pro=
duetion of rubber footwear. The ity of Torrington, located in the
northern portion of the watershed where the East and West Branches join

to form the Naugetuck River, is representative of the highly industrialized
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centers of the valley. The principal industries of the city include
miscellansous nickel=-, silver-, -and pold-plated products, sheet and

rolled brass, castings, and various types of machinery and machine

parts.

‘5ol Waterpower. = The Naugatuck River has been developed for the
goneration of hydroelectric power, producing‘abéut 23000 kilowatbs at
seven plants, There remeins little undeveloped hydropotentiasl in the

Naugetuck River basin.

5,5 Water Supply. - The oity of Waterbury utilizes the headwaters

of the Shepaug and a branch of the Naugatuck as its water supply. The
city of Torrington's water supply is obtained from Reuben Hart Reservoir
on Hart Brook, a tfibutary of the West Branch., Several small dams on
secondary tributaries impound water for industrial process purposes or )
as pondage for smell power developments. A number of manufacturing
plants use raw river water for industrial processes end cooling, re=
turning the major’portion of this intake to the river within a rela-

tively short time,

Eog' Agriculture, = Agriculturs in the upper Naugatuck watershed
is confined to_the nerrow valley floors; Adverse topography and soil
conditions preclude any substantial expansion, A comperatively short _
growing season limits the types of corps. The principal agricultural

products of the area are potatoes, corn, hay, tobacco, and grain,



6. CLIMATOLOGY

Average monthly temperatures in the Naugatuck River basin vary
widely through the year with a mean ennual temperaturs of approximately
Li7°F, Mean monthly temperatures for Norfolk and Waterbury, Connecticutb
(U.Ss Weather Bureau stations) are given in Table D-I of Appendix D,

Mean annual precipitation over the Naugatuck River watershed is
approximately 50 inches, uniformly distributed throughout the year, The
maximum annual was recorded in 1955, when 23.67 inches and 17.h49 inches
were observed during the months of August and October, respectivsly,
Mean, maximum, ard minimum annual precipitation et Norfolk and Waterbury
are given in Table D=IT of Appendix D.

Average annual snowfall in the watershed varies from about 35 inches

near the coast to over 80 inches in the region of the headwaters.

T. RUNOFF AND STREAMFLOW DATA

The U.8, Geological Survey has published records of river stages
and stresmflows at three locations in the basin for wvarious lengths
of time since 1918. The records are generally good to excellent excep’t
during periods of ice, when they are fair, Streamflow ~ecords for the

Naugatuck River watershed are given in Table D<III of Appendix D,
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8, MAJOR FLOCDS

8,1 Floods ef Recerd. - The Naugatuck River basin has suffered

six major floods in the past 30 years. The maximum, in August 1955,
resulted from rainfall that preceded and accempanied hurricane "Dians".
This rain, which aversged more than 13 inches in the upper watershed
and 10 inches in the lower basin, fell on ground already saturated by
more than 7 inches of rain during hurricane "Connie™" the previous week.
The resultant flood, estimated to reach 41,600 ¢.f.s, at Thomasten

and 106,500 c.f.s. at Naugatuck, was approximately four times the size
of the previous maximum fleod of recerd. Major fleods and their peak

iizcherges sre listed in Table D-IV of Appendix D.

8.2 Historic Fleeds. - There is no reliasble information on his-

toric floods on the Naugatuck. Hewevor, available records indicats
that the flood of October 1869 was severe and that other serious floods

occurred in 1888, 1896, and 1897,

9. STANDARD PROJECT FLOOD

A standard project flood for Terrington was developed as a demon=
stration flood to test the effectiveness of the propeosed reservoirs.
The pesk discharge of the standard projsct floed at Torringten, below
the cenfluence of the East and West Branches, was computed te be
35,000 cof.8,, 33% greater than the experienced flood in August 1955.

The proposed reservoeirs weuld reduce the August 1955 flood in Terringten

frem a peak of 25,000 c¢c.f.s, te & peak of 1,200 c.f.5. Details ef the

standard preject flood derivation are given in Section D6.2 of Appendix D,

9



10, EXTENT AND CHARACTER OF THE FLOODED AREA

The city of Torrington, where the East and West Branches join to
form the Naugatuck River, is the major damage center in the upper Naugs-
tuck watershed, The towns of Litchfield (population L,964,) and Harwinton
(population 1,858), south of Terrington, have also suffered heavy damage
from past floods.

Musch of the industrial expansion and urban growth has followsd the
pattern of locating in the narrow valleys of the principal waterways.
Encroachment on the streams by this growth has further increased the
natural tendency to flooding and the resulting lesses have been heavy.
The most damaging floods prior to the recerd flood of August 1955 were
those of 19%8 and 1948. In the flood of 1938 large portions of the induse
trial, commercial; and residential areas of Torrington were flooded and
heavily demaged. The flood of 1948, altheugh causing less severe demage
Than that of 1938, followed a similar pattern and the city again experi-
enced heavy.lossesa The flood of August 1955 not only brought much
greater damage to these same areas but also involved residential, com~-
mercial, and industrial properties previously unaffected and caused

severe disruption of transportation facilities and utilities.

11, FLOOD DAMAGES

11,1 Flood Losses. - The flood of 1938, the second most demaging

flood in the Torrington area, causad dameges amounting to $130,000. In

the flood of 1948, the city of Torrington was hard hit, suffering almest

10
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all of the $195,000 loss in the area, In August of 1955, disastrous
flooding cccurred along the East and West Branches and the main stem

of the Naugatuck River. The demage caused by this flood was unperal-
leled in the history of the watershed., In the area extending down-
stream from the proposed dam sites on Hall Meadow Brook and East Branch
south through Torrington, Harwinton, and Litechfield to the upstream
limit of the authorized Thomaston Reservoir area, the 1955 flood took
six lives and caused losses of $23,300,000.

A recurrence of the floods of 1938 and 1948 in the Torrington area
under conditions existing in 1955 would cause damages amounting to
$36h,000 and $273%,000, respeqtivelye Almost all of the demage caused
by ma’jor floods in the upper basin occurred below the proposed dam
sites, Storage provided by these projects would effect an appreciable

reduction on downstream flood stages.

11,2 Classification of Losses. - Over 96% of the 1955 flood

demage in the upper portion of the Naugatuck watershed was experienced
in the industrial center of Toi'ringtone As in other areas in the valley,
bfidges became clogged with debris and were converted into temporary
dams. As a result, the impounded water inundated widespread areas to
great depths, Much of the damage in the plants of the Torrington Di-
vision of the American Brass Compeny, which suffered one of the heaviest
individual losses in the city, can be traced to this condition. Most

of the industrial demage, which amounted to over Li0% of the total loss
in the city, was experienced by six large concerns. The swift, de-
structive currents and heavy silting caused extensive stock, equipment,

and structural dameges in each of these industries.

11



Severe damage was also inflicted upon residential and commercial
property. A total of 1483 dwellings was damaged, of which 10 were de~-
stroyed, Over 250 commercial establishments suffered losses, ranging
from flooded basements to complete loss of equipment and stock and,in
8ix instances, the total destruction of the buildings., Damage to public
utilities, highways, roads, and sewer and water lines accounted for the
remaining 13% of the loss. Equipment of the telephone and power compa.=
nies was hard hit, Sewven bridges were washed away and four others
damaged, and large sections of 1l different roasds throughout the city

were washed out,.

11,3 Average Annual Losses. - For the purpose of economic study

and comparison of benefits to éost, estimates of recurring flood

losses have been converted to an annual basis, The average annual

logs in the Torrington areas as a whole amounts to $4,59,500, Along

the West Branch below the Hall Meadow site to the Naugatuck confluence,
losses amounted to $252,000, and below the East Branch site losses
amounted to $65,200. The remaining $14,2,300 annual loss was experi-
enced along the main stem of the Naugatuck River in the area extending
from the confluence of the East and West Branches to the upper end of
the proposed Thomaston Reservoir areas, The estimates of annual losses
have been derived in accordance with the standard practice of the Corps
of Engineers of correlating stage-damage, stage=frequency, and damage-
frequency relationships. Details of the derivation of losses and annusal

benefits are given in Appendix C.
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12, EXISTING CORPS (OF ENGINEERS® FLOOD=CONTROL PROBLEM

There are no existing Corps of Engineers?! flood=control projects
or local protection works in the Naugatuck River watershed above
Torrington, Connecticut. The only authorized project in the basin is
the Thomaston flood-control dam and reservoir located in the town of

Thomaston, downstresm from Torrington.

1%2. IMPROVEMENTS BY OTHER FEDERAL AND NON-FEDERAL AGENCIES

There are no existing flood-control improvements in the'Naugatuck
River basin, Stillwater Dam and Reservoir is located on the West
Branch immediately below the confluence of the West Branch and Hall
Meadow Brook., This reservoir, privately ownéd and operated by the
American Brass Company for process water and power, provides no flood
storage. In addition to Stillwater Dam and Reservoir, several smaller
ponds exist for public and privats water supplies, The nature and
size of these ponds precludes their integration into an upper=-valley

flood=storage system.

i4. IMPROVEMENTS DESIRED

The Naugatuck Vallsy River Control Commission has held several
open meetings to systematically examine local flood~control desires
and needs., As a result of these meetings and after coordination with

technical advisory groups and Federal and State agencies, a well

13



conceived flood-control plan for the area has been evolved. In its

report, "Comments on the Report of Dam Studies Made under the Direction

of the Corps of Army Engineers on the Principal Tributaries of the Nauga-
tuck River Basin" (May 1956), the Commission strongly endorses construction
of the Hell Meadow Brook and East Branch Dams, Local interests and State
agencies are also strongly in favor of construction of thess two projects
as is evidenced by the letters of concurrence appearing in Appendix C of
the report. Representatives of the Corps of Engineers participated in

meetings arranged by the Commission,

15, FLOOD PROBIEMS AND SOLUTIONS CONSIDERED

1541 Flood Problems. = The disastrous August 1955 flood in Torrington

had three primery causes: (1) unprecedentsd rainfall in the upper water-
shed upon ground saturated by an earlier stormg (2) inherently poor chennel
hydreulies; and (3) insufficient natural valley storage in the upstrsam
reaches, The channel through the city is restricted by buildings, dems,
and bridges. These permitted formation of debris dams with resulting ine
creage in flood levels, The hydraulic characteristics of the channel
with the depth of the overbank flooding produced velocities which were
governed by the over-all slope of the river rather than by localized hy-
draulie gradients,

Prevention of similar flooding will require adequate regulation %o
maintain a flow consistent with the capacity of the channel, With stream
flows adequately regulated, high flood peaks and excessive velocities

would also be controlled,

iy



15,2 Solutions Considered. - Several metheds and cembinatien of

methods for protscting the area from damaging floods have been con-
sidered. Among these was a program to deepsn, straighten, and widen
the channel of both branches through Torrington. This would require
sxtensive excavating, and building dikes and flood walls, The ex-
cessive cost and dislecatien caused by such work in the built-up u;Bén
areas precluded further censideratien of this program,

A proposal te raise the existing Stillwater Dam to provide flood-
control storage was also studied. Raising the reservoir would inundate
extensive residential developments, and the cost of real estéts acquisi=-
tions alone indicated this plan would net be feasible.

The most feasible solution te the fleod-conmtrel problem in Terring-
ton appears to be construction of fleed-control dams and reservoirs en
tributaries of the Naugatuck River above Terrington. Reserveirs on
the smaller tributariss of the Naugatuck River abeve Torrington were
first considered. Hewsver, most of the feasible sites were salready
occupied by water supply reservoirs, and the remaining petential sites
woeuld leave too large a drainage area uncontrelled to provide the
required floed reductions in Torringten. Two dams on principal tribu-
taries of the Naugatuck River above Terringten, as described in the

fellewing paragraphs, appeared to be the best solution.

16, FLOOD~CONTROL PIAN

16,1 General, - The improvements considered most feasible feor the
Naugatuck River basin sbove Torrington are two flecd-contrel reserveirs,

Hall Meadow Brook Dam and Reservoir and East Branch Dam and Ressrveir,

15



16,2 Hzll YWeadow Brook Dam and Reservoir. - The Hall Meadow

Brook dem site is located in the ciby of Terrington on Hall Meadow
Breok, 0.3 miles above its confluence with the West Branch of the
Naugatuck River., The reservoir would lis in the e¢ity of Torringhon
and the town of Geshen. The total drainage ares of Hall Meadow Brook is
15,7 square miles. The drainage area at the dam site is 12.2 square miles.
The preject would consist of a rolled esrth-fill dam 55 feet high and
1,080 feet long with a spillway leocated in a saadle in the left abutment.
The capacity of the reserveir at spillway crest elevation of 830 feet
mean sea level would be 7,200 acre-feet, equivalent to 1l.1 inches of
runceff from the tributary drainage area,

Tae project would require acquisition of approximately L65 acres
of lend and 17 sets of buildings and relocation of sbout 2.3 miles of
secondary highway and 3 miles of utilities.

A cost estimate of the prinecipal features of this project is shown
in Table I, Details of this projest, togsther with a reservoir map and

genersl plan and details of the dam are given in Appendix E.

16,2.1 Spillway Desipgn Floed., - Channel and valley storage in Hall

Meadow Brack is very small and runeff is rapid. The spillway design
inflow te the reservoir was cempubed teo be 33,000 ¢.f.s., equivalent to
2,700 c¢.fo8, per squars mile of drainags area., This was derived from
hydrological resords and by analyzing floods of record, Détails of the
derivation are given in Appendix D. The spillway design discharge is

25,000 ¢.fo8., with 10 feset of surcharge., The spillway capacity is

16



designed to handle the spillway design dischargs routsd through the
reservoir assuming that 8 inches of the fleed-contrel storage was

utilized at the beginning of the spillway design fleead.

16.2.2 Outlet. - The outlet consists of a Li5-inch diameter,
ungated concrete conduit founded on bedrock. With the reserveir
filled to spillway crest, the eutlet discharge will net exceed down-
stream channel capacitiss; however, normal stream flows will pess

witheut appreciable pondage.

16,3 East Branch Dam and Reservoir. - The East Branch dam site

is located in the city of Terrington en the East Branch of the Nauga-
tuck River, 3.0 miles above its confluence with the West Branch, The
drainage area at the dam site is 9.25 square miles. The tetgl drainage
area of the East Branch is U;.0 square miles., The project would consist
of a rolled earth-fill dam 95 feet high and 886 feet leng with a side-
channel spillway in the right abutment of the dam. The capécity of the
reserveir at spillway crest elevation of 871 mean sea level would be
5,150 acre-feet, equivalent to 10.5 inches of rumeff from the tributary
drainage area.

The project will require acquisition of appreximately 235 sacres eof
land and L7 sets of bﬁildings and relocation of 2 miles of a secondary
highway and 3 miles of utilities.,

Details of this preject, together with a reservoir map and general
plan ef the aam, are given in Appendix E. A cost estimate of the prineci-

pal features is shown in Table II.

17



16.,3.1 Spillway Design Fleed. - Channel and valley storage in the

East Branch of the Naugatuck is small and runoff is rapid despite the
general forest cover in the area, The spillway design inflow to the
reservoir was computed to be 25,000 c¢.f.s,, equivalent to 2,700 ¢c.f.s. per
square mile of drainage area. This was derived from hydrolegical receords
and by analyzing fleeds of record., Deteils of the derivation are given
in Appendix D. The spillway design discharge is 22,000 c¢.f.s., with 10
feet of surcharge. The structure is designed to handle the spillway de-
sign discharge assuming that 8 inches of the flood-contrel storage was

utilized at the beginning of the spillway design flood,

16.3,2 Outlet. - The outlet consists of a 38-inch diameter, ungated
concrete conduit founded on bedrock, With the reservoir filled to spill-
way crest, the outlet discharge will not exceed downstream channel capa-

city; hewever, nermal stream flows will pass without apprecisble pondags.

17. MULTIPLE~-PURPOSE FEATURES

Hall Meadow Brook and East Branch Dems and Reservoirs will be
eperated solely for flood contrel and no provisions are made for multiple-

purpese features,

18, RECREATIONAL DEVELOPMENT

The Naugatuck River rises in attractive hill and lake country te
the east of the main stream, but a large part of its course is through

industrial communities whers heavy pollution precludes recreational

18



development. The greater part of the basin, however, is still rural in
character. For the heavily populated industrial areas closely adjoining
it to the east and south, the valley offers a ready escape frem the urban
scene, with opportunities for swimming, pienicking, camping, fishing,
rsmallwgaﬁe hunting, canceing, skiing, and touring in a countryside

where natural beauty has been enhanced by attractive towns and villages.
Since the reservoirs will be empty except during periods of high rumeff,
theif construction weuld neither add to, nor detract from the present
recreational values of the ares. Consideration was given to the main-
tenence of & small pool for recreational or sesthetic purposes but due
to the existence of numerous ponds in this aresa, there is little need
for additional facilities of this kind, and lecal interests indicated
they would prefer a "dry" dam. A preliminary report by the U. S, Fish
and Wildlife Service, concurring in censtructien of the proposed dry

dams, is included as Exhibit 3 of Appendix C.

19. ESTIMATES OF FIRST COSTS AND ANNUAL CHARGES

19,1 General., - Estimates have been preparsd on the basis eof
provisions of existing Flood Centrol Acts except that local interests
will be required to frevide all lands end rights=-of-way necessary for
the construction and operation of the projects and maintain the pro-
jects after completion, Unit prices used in estimating Qosts are

based upon actual bids received fer similar woerk in the same'general
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region revised to 1956 price levels. Annual charges are based on an
interest rate of 2.5% with emortization of the project cost to be

distributed over a 50-year period.

19,2 Hall Meadow Brook Dam and Reservoir. - The estimated Federal

first cost is $1,960,000 with the Federal annual charges estimated st
$71,000. Non~Federal first costs for lands and essements are estimated
at $460,000 with annual charges of $29,000, including tax losses esti~
mated to be $9,000. The total project first cost is $2,420,000 and the
total project annual charges are $100,000, A summary of the first costs
and annual charges for the project is shown in Table I, Detailed costs

are shown in Table E=I of Appendix E.
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TABLE 1

FIRST COSTS AND ANNUAL CHARGES

HALL MEADOW BROOK DAM AND RESERVOIR

(1956 Price Level)

FEDERAL INVESTMENT

Relocations $ L70,000

Reservoir 50,000
Access Road 6,000
Dem 1,156,000
Engineering and Design 186,000
Supervision and Inspection 92,000

Total Federal First Cost $ 1,960,000
Interest During Construction 50,000

Total Federal Investment $ 2,010,000

FEDFRAL ANNUAL CHARGES

Interest on Federal Investment $ 50,000
Amortization , o 21,000

Totsl Federsl Annual Charges
NON-FEDERAL INVESTMENT
Lands, Easements, and Rights-of-way $ 160,000

Total Non-Federal First Cost $ 160,000

Interest During Construction 10,000

Total Non-Federal Investment $ L70,000
NON~FEDERAL ANNUAL CHARGES

Tnterest on Non-Federal Investment $ 12,000

Amortization 5,000
Net Loss of Taxes 9,000
Maintenance 3,000

Total Non~Federal Annual Charges

TOTAL PROJECT ANNUAL CHARGES

21

$ 71,000

29,000

~ $ 100,000



19.%. BRast Branch Dam and Reservoir, - The estimated Federsl first

cost is $1,780,000 with the Federal annual charges estimated at 36,000,
Von-Federal first costs for lands and easements are estimated st #890,000,
with annual charpes of $38,000 including tax losses estimated to be $ly, 000,
The totel project first cost is $2,670,000 and the total project snnual
charges are $102,000. A summary of the first costs and annual charges
for the project is shown in Table II. Detailed costs are shown in
Table E-II of Appendix B
20, BSTIMATES OF BENEFITS

The opsraticn of the Hall Meadow Brook end Eagt Branch Dems and
Reservoirs would reduse flood damapes slong the Waugatuck River downstream
of the projects. The majority of these benefits would be realized in
the ares above the Thomaston Reservoir, Howsver, some additional benefits
would be realized downstream of the Thomaston Reservoir in the larger and
more infrequent fleoods. The computed project benefits are based on the
difference between losses under present conditions and losses estimated
for conditions after completion of the project. The average annmaml
benefits for these projects are estimated at $eldy, 000 for Hall Meadow
Brook Dam end $128,000 for Zast Branch Dem. These benefits have been
derived in scecordance with standerd practices of the Corps of Bngineers,
A discussion of the method and its application in determining the bene-

fits for these two profects is contained in Appendix B,
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TABLE IT
FIRST COSTS AND ANNUAL CHARGES
EAST BRANCH DAM AND RESERVOIR
(1956 Price Level)

FEDERAL INVESTMENT

Relocations $ 370,000
Reservoir 11,000
Access Road : 6,000
Dam 1,120,000
Engineering and Design 183,000
Supervision and Inspection 90,000

Total Federal First Cost $ 1,780,000
Interest During Construction : , whOEOOO

Total Federal Investment $ 1,820,000

FEDERAL ANNUAL CHARGES

Interest on Federal Investment $  L5,000
Amortization 19,000

Total Federal Annual Charges

NON~FEDERAL INVESTMENT

Lands, Easements; and Rights-of-way $ 890,000
Total Non-Federal First Cost $ 890,000
Interest During Construction 20,000
| Total Non=Federal Investment $ 910,000

NON-~FEDERAL ANNUAL CHARGES

Interest on Non-Federal Investment $ 23,000
Amortization : 9,000
Net Loss of Taxes 14,000
Maintenance 2,000

Total Non-Federal Annual Charges
TOTAL PROJECT ANNUAL CHARGES

22e

$ éh,ooo

.

$ 38,000 .
$ 102,000



21, COMPARISON OF BENEFITS AND COSTS

21,1 Hall Meadow Brook Dam and Reservoir. = The total annual bene-

fits from the proposed project are $2)),,000 and the total annuel charges

are $100,000, The ratioc of benefits to cost is 2.l to 1.

21,2 East Braneh Dam and Reservoir. ~ The total annusl benefits

from the proposed project are $128,000 and the total annuel charges are

$102,000, The ratio of benefits to cost is 1.3 to 1.

22, FROPOSED LOCAL COOPERATION

The sffect of the proposed reservoirs in reducing flood damages is
concentrated largely iﬁ the eity of Torringbon and along the short reach
of river above the authorized Thomeston Reservoir; although a smaller
part of the benefits will accrue generally to downstreem areas., Thus,
the reservoirs are in effect locel flood protection projects for which,
under existing flood control law, losal contribution is required.

It is considered, therefore, that even though these are reservoir
projects with some general effect, local interssts should participate
to a reasonable extent in their costs,

In arriving at an equitable sharing of cost for thése reservoirs,
consideration was given to the fact that the city of Torrington suffered
exceptionally heavy damage during the 1955 flood; and that the City has
already expended some $800,000 in land acquisition, removal of buildings,
and chammel enlargement, in an effort to improve the floodway through

the City. It was concluded, therefore, that a reasomable approach to
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sharing the cost would be to require non~Federal interest to provide
all lands and rights-of=way required for»constfuction and operation of
the projects, and to maintein the projects after completion,

The city of Torrington and other local interests in the immediate
area, while fully supporting the nsed for the éroposed reservoifs, have. -
questioned their -ability to participate further in the cost of the work.
The Governer of Comnecticut, however, has advised this office of the
interest of the State in the proposal and has stated informally that hs
is prepared to ask the Legislature for funds for this purpose,; should

such participation be required under the authorizing legislation,

23, COORDINATION WITH OTHER AGENCIES

ES

It is the established policy of the Corps of Engineefs to coordinate
with Federal and state agencies and local organizations whichfhaye inter-
ests in the projects. The Federal agencies contacted in regard to the

construction of Hall Meadow Brook or the East Branch Dams and Reservoirs

ares The Department of Health, Welfare and Educetion; Fish and Wildlife

Service; and the Federal Power Commission. iLetters from the Fish and
Wildlife Service and the Federal Power Commission concurring in the
projects ére included in Appendix C., The agencies contaeted»hgve been
roquested ‘o conduct studies and to submit recommendations‘which'will_
be considered in the over-all dam and reservoir plan, Interested State
aﬁd local apencies-~in~the area have &lso been contacted and asked for
their comments on the projects., Letters from the Mayor of forringtonsr

the Naugatuck Valley River Control Commission, the Torrington Flood
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and Erosion Board, the Connecticut State Flood Control and Water Policy
Commission, and the Connecticut State Highway Department indorsing the
project: are includsd in Appendix C. These projects deo not conflict with
the overall basin plan as recommended .in the report on the Resources of
the New England-New York Region prepared by the New England~New York

Inter~Agency Committee,

2ly, DISCUSSION

2ol Egggo = Flood protectionris urgently nesded for the Torring-
ton area and that portion of the Naugafuck upstream from the authorized
Thomaston Dam and Reservoir, 8ix major floods have occurred in the
Naugeatuclk River basin in the past 30 years, In the most disastrous of
these floods = that of August 1955 = entire blocks of buildings along
the river bank were leveled, Industrial damage was extremsly large,
but damage to residential and commerscial property was even greater,

A total of 1,83 dwellings were damaged. Ten of these were completely
degtroyed; seven bridges wers scoured cut and washed away, and four
others damaged. Debris covered approximately 50 miles of city streets,

and sections of 1l different roads were washed oubt,

24,2 Plan of Improvement, - The most feasible plan for reducing

flood losses in the Naugatuck River basin in Torrington and above is
construction of flood=control reservoirs augmented by a limited amount of
diking, fléodwalls9 channel re-alignment, and dredging in highly de-

velopsd areas to supplement work now being accomplished by the City.
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Remaining work for flood control in the Torrington area will be con-
éidered in a forthcoming report., This interim report is limited to
consideration of the pressing need fof upstream flood control reser-
voirs., Benefits to be realized from operation of Hell Meedow Brook
Reservoir are estimated to be $21,,000 annually. The estimated annual

benefits from operation of Bast Branch Reservoir are $128,000.

25, CONCLUSIONS

It is %cncluded that there is emple economic justification for
a flood=-contrel dam on Hall Meadow Brook and on the East Branch of
the Heugatuck River., Benefits attributable to the twc dams exceed
the costs in a ratio of 2.4 to 1 for Hall Meadow Brook and 1.3 to 1 for
the East Branch., The frequenrcy of major storms, the rapid growth in
the area, and the existing high industrial concentration make immediate

gonstruction of these two dams imperative.

26, RECOMMENDATIONS

It is recommended thet the plan for the control of floods in the
Housatonic River basin, as contained in FloodVControl Act appre#ed
Decamber 22, 194y (Public Lew No. 52l, Seventy-sighth Congress) es
amended and supplemented, be modifisd to provide for the comstruction
of a flood-control dam and reservoir on Hall Meadow Brock in Torrington

and Goshen, Connecticut at an estimated first cost to the United States
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of 1,960,000 and & flood=control dam and reservoir on the East Branch
of the Naugatuck River in Torrington, Connecticut at an estimated first
cost to the United States of $1,780,000., It is further recommended

that iocal interests be required to furnish all lands and rights-of-way
necessary for oconstruction and operation of the projects and to maintein

the projects after completion.

ROBERT J, FLEMING, JR.
Brigadier General, U.S.Army
Division Engineer '

26



CORPS OF ENGINEERS

U.S.ARMY

Tﬂolp_ﬁn Pa'ng/ A Y

Q

S |
\—" /
v ‘\

FITCHBURG

4
—— g

WORCESTER

L}

] toke

Winchester

| |sLAND SOUND

. T LONG
\Port f \ - -~
\ pong \ WINCHESTER LOCATION MAP
J ) SCALE IN MILES
‘ gl ] e ——
o

18 32

A \ .
N ,,f:,v,z::. 22 / _j‘__ ] —
\ Yo7 \

HALL MEADOW pe/e”
BROOK DAM

Whist \
ORAKEVILLE A

Pond,
? Migeon
\ <N

S
J

. - Perd EAST BRANGCH
Hatehaloosie % DAM
* Res. .

WEST
INJORRINGTON

™ + e r/ ’
|5, E ) I 5 —

Wilson Pond \
T
SCALE IN MILES

[

K

HARWINTON 9

: o]
. / o]

.

)

~

A losest 56| Thomaston Reservoir Limils shown Ges ]  fungt
,-J WEviSion | DATE SEscaiPTion ™

CORPS OF ENGINEERS, U. S. ARMY
OFFICE OF THE DIVISION ENGINEER

——&‘ oR.B. l';,-;f L;;‘;‘ HOUSATONIC RIVER BASIN

:,,».o' % Y / NAUGATUCK RIVER WATERSHED
R ¥ a8 - N
REos q l @f ] { ABOVE THOMASTON, CONN.)
RS [spumor,— |
e PLYMOUTH| (Pt emmsd NAUGATUCK RIVER CONN.
REHS \ 7% £ ‘m‘%gésﬁ 2 PATE yaY 1986
/,-.- v N__) CHIEFJENGIKEIR IKG DIV, LT.COL. C.EASST.TO GIVISION GROINEER

7 I .4 SCALE: AS SHOWH
i A TOMASTON T°DA‘;‘;°;:"':’:: "‘::'“ DRAWING WER

DAM SITE HC -1-1026

WEET [ oF 2 -

PLATE NO.!|



U.S. ARMY

CORPS OF ENGINEERS

H z
g
@
2 |2
EE 3 ~
o
% % Zx = R
oy W =4
° [~ = &> |3 20
L] ] cinoy T
- 2 = - EWF_ H
- a > 0O
— = | ' z|%
- < = = Zle I .
= S~ N Y o <o ri=No ]
© 53 o ¥ X ¥ 14 -] w £ 5
> 3 @ ¢ & © > z vt o >wED | e
= 5 - 2 g 4 S 21535 REOFEL] [E|2 o
Al 5 Ty O = g z2 |= P~ HB o
° =3 - Elyizen [v'q Lt S | 5
Zl o 5 w i B 2 g 1233810 ~BO>| iz @
2 Y e € glicail-00 D= x5 H
W s Ltk 5z & $r%las g °
Ol £ 3533 ¥ ¥ 3 zidt|lvEe @ H
ul 4 &« a © zzid|o«a Zx &
] > a z T 5 Grue <l o °
W o e v e § o 5z |0 4
wl 2885 = = 28 3 2% T2 W 2l3slE
> L
] r 7 © a o w i [T ANA <T “ m ©
Ol 2888 82 o &° LBl u w
bl 2 5 339 % e § o 2Byl o
Q] = 2 3 &« & & 2 9 © <ENE],
@ = F S 2 x>
I I p @ @© @ n [ 2z «
o] © o g m m ¢ = O > 2] = a4 =
T x=z2 92 3 % 5Ny H a
<% i 2 m
RO A
_ e 2 oLz gl B
o i 5| 2
o e B 4 O = s mrAnmlumJ AR
<4 (=] 2| aMzl5 o
L S AR N e
z i MU RS R AN
H > HIESRENH
@ " s o |
H =6 V/.‘m NG S
¢ s JEMNEIPNEE Y
o
Q68 1SIYI AYMTILS __
HVG NOISUNOHL GIZISONIAY [ oSN a NS SR NSNS S 5T
rgov.
1N0QIHSYM OVOH 390148 3TN OML'IDAINE AVMHOIH - §'90%
W MY CHN AN 1390148 - £'90%
L
—
=
>
w e
5 rezs.
1 -
I N o 08ce—9"
©°3LY 'NNOD |I9GIHa AMH -5 0¥ —d <8 2
3 12bp—¢ = x
/ 3 ]
gopr—d 4 T 3
e =R e
— 71 z
sear—y < Nug ONGon, o
13 ewt.b\ a w o <
73A37 ¢3S NV3IH 3A08Y 1334 NI ROILYA3N3 §89¢"1N0 QIHSYA ITTIAJHYD ' 300148 ><s=w_.uuv 70— |_X¥00¥8 ) I 5m
1 = = "
2 g 2 g 3 ) S g g 8 2 : S g g : 3 g ze 2 AP%E NI
a a - ~ ~ ~ ~ ~ < r © < © v 0 2] o N R
kS W\\ E—PE E
3% = oI 5
rest— R d Itz GEW
H rd W E T =[°2<
i X VAR N o | K 4
OHe reos—+ R i
= < A o | _MK
(1] 9015 5 3.7 2x01d Wlnll nw.n.w
12823 ] “ 'S ::,qzou 90148 "ARH 2 =
lis790 avm10ds e — : S mM
HONVYI B i i <
prvo g 1573 | 1 Hva s $—eus \ [¥o0¥E “ w2
— YOOy 8 \_]llmuo_zm AvHOIN < / t —f-H 2w
WUHCHEHNAN | 3901682 169 ——0 == SHYHS N AN 3901 w paa T LN0 QIHSYA QY INO08'I001HE [AYMHOIH-9702¢ Fd
05 004 NOIN3INY¥VA ‘35QIHE-2'9¢9 — — ! ¢ — z
I8l =0 . A w
2971 AUV ‘30018 AMH - 0’119 — 2= 7 82| |7 A1 Xoousg a2
"15 WI13'N “300188°AMR-£208 ——_— 0~ T / Al 4 "B
8 14'NNOD ‘390148 ARH-6G6S . ol 200y 2626 I 3 A
; LS 1HY3d ‘I90IHG AMH -8 29530 3 | - 3
1S TWRIDUINE AMK=2 195 groe Jomy o g -G ace \\||.|.»m 390146 ¥IN TV “I90INE AVMHOIH-2 S€S
1N0 QHSYM LS TTVA "390INE AR - 6255 1S 479 gegs | o
14 'NNOD -390148 AMH - 6’156 1 N d H <
18 NOINVYA ' 300148 MK gpg OCSE g Ny ISV e
1§ 1438773 '39014E AVAHOIH -0'¥bG J8.2L 3 WINLINIAND 206 2l 2H
£'obs: — Socw:miumd_é.mun_mm AVMHOIH- 295 Eli &
4 Il I [l L o
18 1934504d ‘390148 AMH -2'08¢ . . N - e oz«
1N0 OIHSVA AILHVL ‘00 SSrue YNy ‘Mya- 8.8 B LgauD [028qVKA fivoNInY enmn_ "lE
‘00 SSYHE NVOINIWY ‘390188 -£8.6 oH
o ° o o ° o o , WY HB HNAN 2286 ‘300188 "
3 a 4 < ] g 2 v S5vHE NYIIYINY ‘WVO O'E8S ‘SSYHE NYIIMIWY ‘300148 o
“ ° 0 °LS HOHMHD* I90MB AMH-0% 66 ° © o o ) ° ) o¥
i o o ® © < o o -4
o *JAV L109TOM' 390 AMH - €909 ‘1S W13'N‘3I00I¥e _ 3 o < < < < - "
} @ 650 Iy 13A31¥3S NV3IN 3A0BY 1334 NI NOILVAZTI
HOOHE @ e S A S o [,
~= ~NO0YE - Sz
[ \_.EE _ < W [ ¥oous 5 T
— i
— 390188 a HOOHE M M
| oo¥g [ | < o« =
| o Wl ™ - 1¥F <
== 390149 T = S q g 1 4
———— 00k £3 2 © -
B 4 38 & tg
N7 3 BN .
Y0048 ~ < .-
] / _uua 8 I w s
| | i+ = -
058 77 ISTHI AVMTTIS i ] oES
WY XOOYE HOTVIN TIVH — = NOOY B\ MOGYIH TIVH = 1w wzr
XOOYE
FE]
INQg ——=F = —
] X
Nt
&
@l _|
&
| {@
T <
X
o (=] £=d (=3 ﬂ
o o o Q o Q =4 o o - o o o o
2 2 2 3 3 S 3 S 2 R = 3 8 3 B 3 3 H
73A31 v3§ NYIN 3A08Y 1334 NI NOILVA3II

PLATE NO.2




e

°
N

Al.l.

42,1,
ol

3

A2,2,
o1
02
03
olt

APPENDIX A

GEQLOGY

Al., HALL MFADOW BROOK DAM

Geology and Topography
General
Description of Site
Surficial and Subsurface Investigations

Foundation Conditions
Qverburden
Bedrock
Ground Water
Leakage Conditions in Reservoir

Construction Materials
General
Pervious Materials
Impervious Materials
Rock Fill and Riprap
Concrete Aggregates

Conclusions

A2, EAST BRANCH DAM

Geology and Topography
General
Description of Site
Surficial and Subsurface Investigations

Foundation Conditions
Overburden
Bedrock
Ground Water
Leakage Conditions in Reservoir

27



APPENDIX A

GEQLOGY

A2, FAST BRANCH DAM (Cont.)

A2.3. Construction Materials
ol General
0l Pervious Materials
03 Inpervious Materials
olt Rock Fill and Riprap
o5 Concrete Aggregates
A2, Conclusions

28



APPENDIX A

GEOLOGY



e

APPENDIX A

GEQLOGY

Al, HAILIL MEADOW BROOK DAM

Al,1, GEOLOGY AND TOPOGRAPHY

A1.1.1 General, = Hall Meadow Brook is the largest of several
streams which unite to form the West Branch of the Naugatuck River,
The region drained by all these streams lies in the western highlands
of Connecticut which are part of the New England Upland. It is a region
of moderate relief with till-covered, steep, bedrock hills rising above
narrow valleys which have been filled with glacial debris, The bedrock
of the region consists of folded crystalline rocks, mostly schist and

gneiss, of Paleozoic age.

Al.1,2 Description of Site, = The relatively wide valley at the

site is partially obstructed by a hill which occupies a large part of
the valley bottomo The present river channel occupies a narrow valley
on the west side of the hill with a wide, swampy, flat-bottomed saddle
extending eastward from the hill to the main valley wall, Immediately
downstream from the site, Hall Meadow Brook flows in a narrow rock
gorge. Bedrock also outcrops along the west side of the road and in
the stream bed at the site. A large concentration of boulders occupies

the flank of the hill which forms the right abutment of the dam.
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Al.1.3 Surficial and Subsurface Investigations, = A reconnaissance

of the site was made to examine general foundation conditions and to pre-
liminarily determine the availability of borrow materials. Subsurface
explorations consisted of ) test borings. The locations of the borings
are shown on Plate A=l. The borings were continuously drive-sampled in
overburden, and bedrock, where encourt ered, was diamond=drill cored., Overw
burden samples from the borings were classified in accordance with the
Unified Soils Classification System. The classification of overburden
samples and a description of the bedrock cores recovered from borings is
shown in graphic logs on Flate A-~l, General relations between overburden
and bedrock and a line inmdicating the assumed location of the bedrock sure

face are shown in the log profile on Plate A=2,

Al.2, TFOUNDATION CONDITIONS

Al.2,1 Overburden, = The overburden at the dam site is generally thin,
less than 20 feet, and consists of variable, silty, gravelly sand with
boulders which occur scattered at the surface over most of the dam site,
Boulders are particularly concentrated on the right abutment. At the dike
site, the overburden appears to be less than 20 feet thick on the abutments
but a deep, buried valley underlies the swampy, flat-bottomed saddle. The
overburden in the buried valley is till which is overlain by silty sénd and
superficial organic deposits, The 81lty sand extends up the abutments where

it rests directly on the bedrock,



N

21,2.2 Bedrock, = Bedrock outcrops in the stream charmmel at the
site. The bedrock is biotite mica schist with numerous granitic phases
and granitized zones. The rock is generally fine-grained except for -
the granitic phases which are coarse. Examination of outcrops and ‘

cores shows that the rock is hard, strong, and durable,

A1.2.3 Ground Water. = Levels of subsurface water as indicated by

observations in borings during drilling operations at the dam site,
appear to be generally less than 10 feet in depth. Near the stream, the
level of subsurface water is believed to be essentially at the bedrock
surface, Observation in one boring indicating a depth to subsurface

water of 9 feet corresponding to a depth of approximately 6 feet below
the rock surface in the nearby stream bed is obviously not reliable. Al
the right abutment of the dike ground water is indicated by borings to
occur at gpprokimately 16 feet. In the flat, swampy valley bottom at
the dikéisite and in the left abutment, the level of subsurface water

is beiieﬁed to be at, or close to,the ground surface,

A1.2., Leakage Conditions in Reservoir. = The reservoir upstream

from the dam and dike sites is completely enclosed by bedrock ridges.
There are no low or pervious saddles on the reservoir rim, and there
will be no leakage through the perimeter ridges. A buried valley which
occurs in the foundation at the dike site will be considered in design

stage to effect control of seepage.
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Al.3, CONSTRUCTION MATERIAIS

Al.3.1 General, = The general avallability end location of borrow
materials for construction has been determined from limited recommaissance
of the reservoir and study of topography., No subsurface explorations for

borrow materials have been made for this stage of investigations,

Al.3.2 Pervious Materials, - Limited quantities of pervious materi-

als are available in the reservoir and in the valley upstream from the
reservoir, Additional materials required for pervious sections of the

embankment are available within a ll=mile haul distance of the gite,

Al.3.3 Impervious Materials. - Materials for the impervious sections

of the embankments can be obtained from deposits of till consisting of
silty, gravelly sand which blanket the higher slopes in the reservoir,
Specific location of a borrow area in the till is contingent only on
finding a re arby hillside where rock is sufficiently deeply buried to

permit development of an economical working face,

Al.3.L4 Rock Fill and Riprap., = Rock for rock fill or riprap is

available from structure excavations or quarries opened in the local bede
rock, The numerous boulders which will be encountered in excavations in
the right abutment of the dam would also be suitable for rock fill or ripe

rap.,

Al.3.5 Concrete Aggregates, = Coarse aggregstes for concrebe are

available from commercial Comnecticut ' -~-rock quarrvies at Torrington and
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elsewhere within a 20-~mile railroad haul of Torrington. TFine aggregate

materials can likewise be obtained from nearby commercial sources.

Al.). CONCLUSIONS
The site appears suitable for construction of the proposed dam
and dike. Both overburden and bedrock foundations at the site are
sdequate to support design loads without excessive settlement. Prelimi=-
nary investigations indicate no apparent major problems regarding seepage
through the foundations, All materials from excavations will be suitable

for use in the embankment,
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A2, EAST BRANCH DAM

A2,1, GEOLOGY AND TOPOGRAPHY

A2.,1.1 General, = The region drained by the East Branch of the
Naugatuck River is located on the New England Upland in the western high-
lands of Comnecticut. It is a region of moderate relief through which
the East Branch of the Naugatuck River flows in a relatively deep, steep=
sided valley. The bedrock of the region consists of a series of folded

crystalline rocks, generally schist and gneiss, of Paleozoic age.

A2,1.2 Description of Site, =~ The dam site is located at the upstream

end of a narrow river reach where the valley is constructed between tille
Covered bedrock walls, The ground surfacé at the site is thickly strewn
with boulders which rest on bedrock or till. A great concentration of

boulders is noticeable immediately below an extensive area of outcropping

bedrock high on the right abutrent.

A2,1.3 Surficial and Subsurface Investigations, = Brief site re-

connaissance was made to examine general foundation conditions and to deter=
mine in a preliminary way the availability of borrow materials, Subsurface
explorations consisting of three test borings were made at desigﬁated
locations, The locations of the borings are shown on Plate A=3, ‘The
borings were continuously drive-sampled in overburden and, where bedrock
was encountered, the rock was diamond-drill cored. Overburden samples from

borings were classified in accordance with the Unified Soils Classification
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System. The classification of overburdén samples and a description of
bedrock cores recovered from borings is shown in graphic 1ogs on

Plate A=3., General relations between overburden and bedrock and a lire
indicating the assumed location of the bedrock surface are shown in the

log profile on Plate A=l.
A2,2 FOUNDATION CONDITIONS

A2 2,1 Overburden. - The overburden at the site consists of till
with numerous boulders. The till is composed generally of compact,
silty, gravelly sand, On the left abutment, the overburden is generally
less than 5 feet thick except in local pockets or troughs in the bedrock
surface where up to 10 feet of overburden may occur. The thickness of
the till cover on the right agbutment is questionable., Although rock
may be close to the ground surface on the entire abutment, it is probable
that the overburden may be up to LO feet thick near the bottom of the
abutment, thinning out as the abutment rises to the bedrock outcrop at,
or immediately above, spillway-crest elevation. The boulders on the
ground surface form almost a continuous pavement over most of the site

and are especially large and numerous on the high right abutment.

A2.2,2 Bedrock, = Bedrock outcrops in an extensive, steep face
high on the right abutwment. Other smaller outcrops may occur but, if
present, are not easily distinguishable from the numerous boulders at

the site.



The bedrock consists of pink to grey granite-gneiss with large
included masses of biotite mica schist, In the schist, the biotite
occurs in thick, felted stringers and zones. The rock is generally

fresh and hard and sufficiently strong for structure foundationso

A2.,2,3 Ground Water, = Levels of subsurface water as indicated

by observations in borings during drilling operations are slightly
above river level near the valley bottom and apparently well below
the rock surface on the left abubtment. Subsurface water levels are

probably near the ground surface on the till=covered right abutment,

A2.2.), Leakage Conditions in Reservoir, = The reservoir is come.

pletely enclosed by high, wide, bedrock ridges. There are no low
saddles on the reservoir rim and leakage through the perimeter
divides is impossible. There is a possibility of a buried valley
in the rock under the lower part of the right sbutment at the dam
site, OSeepage through such a valley, if it exists, can be cone

trolled by embankment design,

A2,3 CONSTRUCTION MATERIALS

A2.3,1 General. = The general availability and location of borrow -
materials for construction has been determined from preliminary
reconnaissance of the reservoir and study of topography., No subsurface
explorations for borrow ﬁaterials have been made for this stage of ine

vestigation,
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A2.3,2 Pervious Materials., = Pervious materials for embankment

construction are avéilable from outwash~plain depoéits and smgll
terraces located within the reservoir. In the event that sufficient
quantities of pervious materials are not available from these sources,
extensive deposits of suitable materials can be found within 3 miles of

the site.

A2,3.3 Impervious Materials, = Impervious materials consisting

of till are available on the hill slopes at, and adjacent to, the site,
The till in the immediate vicinity of the site is very bouldery, but

areas with fewer boulders could be found with 0.5 mile of the site.

A2.3. Rock Fill and Riprap. = Rock for riprap and rock fill is

available from structure excavations and from the numerous boulders

whicl occur at the site.

£2.3.5 Concrete pggregates, - Coarse aggregates for concrete are

available from commercial Connecticut trap-rock quarries at Torrington
and elsewhere within a 20=-mile railroad haul of the site. Fine
aggregate materials can likewise be secured from nearby commercial

sources,
A2,y CONCLUSIONS

The site appears suitable for construction of the proposed dam,
The materials at the site, both overburden and bedrock, are adequate to

support design loads without excessive settlement, Preliminary
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investigations indicate no apparent major problems regarding seepage
through the foundation., All material from excavations will be suitable

for use in the embankrent,
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APPENDIX B

FLOOD LOSSES AND BENEFITS

Bl, SCOPE

The encrmous losses caused by the fleod of August 1955 throughe-
out the Naugetuok River bagin exceeded by far those experienced in
the floods of 19%8 and 1948, the previous major flcods in the basin,
Total losses experienced in the Naugatuck basin in August 1955 are
estimated at $220,320,000, Damages experienced in 1938 and 1948
weres estimated at $626,000 and $1,25l,000, respectively, while a
recurrence of the 1938 and 1948 conditions would cause losses estimated

ot $1,742,800 and $1,755,600, respectively, under current conditions,
4 feature of the August 1955 flood as compured to previous floods
wa.s the abnormally high incidence of large-scals structural damags,
Throughout the basin, buildings, bridges, sewsr, water and gas lines,
highways, and railiroads were heavily damaged or completsly destroyed,
The Octecber 1955 flood occasioned sericus scncern in the aren, dbub
actural damage was not great., Emergency rehabilitation work after the
August disester, advance warning, and limited coperation of many facili-
ties rendered operative by the previous flocd, substantially reduced
poetentisl losses,
Brief descriptions of damege surveys, loss summarisﬁg. #lood
ares, and derivation of annual lossss and benefits are given in this

bppendix., A distinction is made between (1) the reach sxtending from
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reservolr sites above Torrington to the upstream end of the authorized
Thomaston project, and (2) the reach between the Thomaston dam site

and the mouth of the Naugatuck River,

B2, DAMAGE SURVEYS

Damage~-survey parties were sent to the flood area during, and
imrediately after, the flood. In view of the great increase in losses
over preﬁious floods, the information gatheréd was referenced to 1955
flood stages., Later correlation with data obtained subsequentltq 1938
and 1948 high waters was made by an office review., Essentially, the
survey was a door—té;door inspection and interview of the thoﬁsands of
industrial, commercial, residential, and other properties affected by
the flood, Information obtained included the extent of the area
flooded, déscriptions of properties, nature and amount of damage, depth
of flooding, high-water references, and relationships to prior flood
stages., Evaluations of damage reasonably consistent with evidence in
the fiéid were generally furnished by property owners., Where these
estimates appeared unrealistic, they were modified by the investigators.
If owners were unable to furnish loss estimates, the investigator made
his own evaluation. Sampling methods were employed where several resi-
dences of similar characteristies and like depth of flooding were
encountered, Valuable information was also/obzainéd from local and
ftate officials and from utility companies which experienced damage at

several points in this and other river basins. Such central sources of



information were extensively used to save time and keep costs at a minimum.
Sufficient data was obtained to derive losses for (1) 1955 stage, (2)

a stage 3 feet in excess of 1955, (3) intermediate stages denoting sharp

changes in stage-damage relationships, and (l}) the stage where damage begins

(zero damage) referenced to the 1955 flood level,

B3, LOSS CLASSIFICATION

Tlood-loss information was recorded by type of loss and by location.
The loss types used weres industrial, urban (commercial, residential,
public), rural, highway, railroad, and ubtility. The type of loss was
recorded by location within towns and by river reaches to provide a basis
for later use in annual loss and benefit analyses, Damage reaches are

described in Table B=I.

TABLE B-I

DAMAGE REACHES
NAUGATUCK RIVER, CONNECTICUT

Reach Number Description of Reach
1 East Branch Dam Site to

East Main Street Bridge

2 Hall Meadow Brook Dam Site (West
 Branch) to Center Bridge

3 East Main Street and Center
Bridges to Thomasston Dam Site

L Thomaston Dam Site to Spruce
Brook {Waterbury town line)

2



TABIE B=1 (Cont,)

DAMAGE REACHES
NAUGATCK RIVER, CONNACTIGUT

Reach Number Description of Reach
5 Spruce Brook to Mad River
6 Mad River to Hockanum Brook
7 Hoekanum Brook to American
Brass Company Dam (Seymour,
Connectiout)
8 American Brass Company Dam

to tidewater at Division Street
(Ansonia=Derby town line)

9 Below Shelton Dam and Division
Street Bridge (in tidewater)

Total losses include direct and associated losses, Direct losses
comprise (1) physical losses such es camage to struectures, machinery, and
inventory and costs of clsan-up and repairs; and (2) non-physical losses
such a8 non=recovered loss of business, wages, and production; increased
cost of operation; cost of temporary facilities; and increased cost of
shipment of goods to persons and properties in the inundated area.
Associated losses comprise increased cost of travel and shipment, loss
of utilities and transportation, and loss of production and weges not
later recovered by persons and properties in areas adjacent to the inun-
dated areas. The direct loss resulting from physical damage and a large
part of the related non-physical loss were determined by direct inspec~

tion of property and evaluation of losses by the property owner or fisld
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investigators from this office, or both. The non-physicel portion of

she direct loss was often difficult to estimate on the basis of informs=
tion aveilable at a given property. Where this condition existed, the
relationship between physical and non-physical lesses was based on the
relationship found for similar properties in the area. Associated losses
were determined by fisld analyses and evaluations, after consultation with
the affected property owners and agencies, supplemented by the relation=
ship of associated losses to total losses in New Englend river basins.

In the Naugatuck Basin as & whole, the associated losses account for

9,3% of the total.

Bl;. LOSS SUMMARY

Total losses for the August 1955 flood have been summerized by type

for towns and river reaches on Tables B=II and B=I1I,



M

Town

Torrington
Litchfield
Harwinton
Thomaston
Watertown
Waterbury
Naugatuck
Beacon Falls
Seymour
Ansonia

Derby

TABLE B-II

AUGUST 1955 FLOOD LOSSES BY TOWNS

NAUGATUCK RIVER CONNECTICUT

(Loss in $1,000)

o,

Urban Bural Industrial Utility Highway Railroad | Total
10,040, = 9,300, 1,200, 1,570, 300, 22,l10,
210, - 90, - 530, Lo, . 900,
ééo° 20, - - 100, - 380,
1,270, = 11,190, 1,000, 1,390, 210, 15,06()o
290, = - - - - 290,
25,000, = 63,470, 1,020, 1,760, 3,560, 9,810,
6,770, = 211,890, 120, 1,900, 530, 34,210,
1,860, = 3,920, - 120, 530, 6,730,
3,250, = 3,910, 870. 1,240, 5600 9,830,
65160, = 20,1150, 120, 1,780, 630, 29,1140,
21,0, - L45050% 10. 160, 2,100, 6,560,
55,380, 20, 11,270, h,340. 10,850, B,héo° 220,320,
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TABIE B=IIT
AUGUST 1955 FLOOD LOSSES BY REACHES

NAUGATUCK RIVER, CONNECTICUT
(Loss in $1,000)

_Reach Urban Rural Industrial Utility Highway Railroad Total
1 1,330, = 7904 350. 706 - 2,510,
2 3,760. - 7,060 350, 250, 260, 11,680,
3 5,170 20, 1,530, 500, 2,37Cs 170. 10,060,
I 1,550 - 11,190, 1,010, 900, 110,  1L,760.
5 20,660 - 58,530 L60, 1,200, 3,320,  8L4,170,
6 11,560, - 33,680, 670, 2,680, 1,190.  L9,780.
7 14,650, - 3,970, 870, 1,440, 680, 11,610,
8 6,160, - 20,170, 120, 1,780, 630, 29,160,
9 210, - 1,050, 10. 160, 2,100, 6,560,

Total 55,380 20, 141,270, h,340. 10,850,  8,460. 220,320,



B5, ANNUAL LOSSES

Estimates of flood losses have been converted to annual losses to
provide & basis for comparing énnual benefits to annual costs, Annual
loss figures presented herein have been derived in accordance with stand=
ard Corps of Engineers practice utilizing stage~damage, stageadischarge,
and discherge~frequency relationships, Typical curves used in annual |
loss computetions are shown on Plate B=1,

Stage-damage data for individule properties was summarized by
reaches, which have reletively uniform hydraulic characteristics through-
out, The stage-damage curve wes combined with stage-discharge data to
develop & discharge~damage curve., A dischargemfrequeﬁcy relationship
was then used to obtain a curve for the damage-frequency relationship.
This curve was plotted with damage as the ordinate and percent chance
of occurrence (reciprocal of frequency) as the abscissa, The area under
this curve is a measure of the annual loss,

Annual losses for the three reaches below the Hall Meadow Brook end

East Branch Reservoirs and upstream of Thomeston Reservoir are summarized

belows
Reach Annval Loss
1 $ 65,200
2 252,000
3 12,000
L7



B6, ANNUAL BENEFITS

Annual benefits were derived for the reaches above Thomaston
Reservoir by determining the difference betwsen the annual losses under
present conditions and those remaining after construction of the Hall
Meadow Brook and East Branch projects. Concurrent with determination
of ennual losses under present conditions, losses were determined for
& reduction in peak discharges of 10, 20, L0, and 60%. The reduction
in losses resulting from the reduction in discharges represents the
benefits acoruing to flow reduction. In this manner a relationship is
established between annuel benefits and reduction in flows. Hydrauliec
and hydrologic analyses determine to what degree flows are modified by
the project under consideration., On Hall Meadow Brook, all benefits
are credited to flow reduction by Hall Meadow Brook project; on the East
Branch, all benefits are credited to the East Branch project. Below
the confluence of the two branches, the total benefits attributable %o
the combined reduction provided by the two projects are allocated
between the projects in proportion to the reduction each project would
obtein if acting alone. This procedure resulted in an allocation of
53% to Hall Meadow Brook end 7% to East Branch, The estimated benefits
to Hall Meadow Brook and East Branch projects, respectively, in the
reaches above Thomaston Reservoir, are $227,500 and $11,,500,

In addition, downstream benefits were derived for the projects
acting in support of the Thomaston project in the larger and more ine

frequent floods, Hydrologic analysis indicates that for floods more
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frequent than once in 100 years, the capacity of Thomaston is sufficient.
Consideration was given to the J=inch storage capacity of Thomaston
in computing the effect of upstream reservoirs, The upstream reservoirs
have a drainage area of 21.5 square miles, and 8 inches of storage
would comprise 9,150 acre-feet, At Thomaston this upstream storage
would be equivalent to about 8,000 acre~feet, Inasmuch as the storage
capacity at Thomaston is 41,500 acre-feet, the upstream storage would
increasse the available storage by about 19%. It is estimated that the
inerease in storage would reduce flow in the larger floods by about 15%.
Such reduction in flow would increase the benefits below Thomaston to be
realized from large floods by 6%. Present estimates indicate that annual
benefits for Thomaston Reservoir in the larger floods amount to
$500,000, Benefits assignable to upstream reservoirs thus are about
$30,000, of which $16,500 is attributable to Hall Meadow Brook and
$13,500 to East Branch, Total annual benefits are estimated at

$2ll,000 for Hall Meadow Brook and $128,000 for East Branch,

L9



CORP

+
~

- o

[
~

IN FEET REFERRED TO 1955 FLOOD CREST
]
»

STAGE

S OF ENGINEERS U.S. ARMY
‘
1
N |
T \ |
. | e 2
" L ioss Fro00 crest Ndueyst 1955
i 2L ; N z
= v
_____.‘__,_._—-_,_-— o \ |
/’-——— ¢!
L g N DISCHARGE- FREQUENCY
L =3
/ z \ DEC. 1948
] u Jsepr 1938
= & ‘ FOCT 1955
by
5 D.A.x32.8 Sq.Mi.
71948 FLOOD CREST @ Skew .00 ‘ ™~
. (Derived synthetically from T 1 1 B
S
(1955 PRICE LEVEL) Naugatuck River af Tlld‘masran,cann,) =
19,000 21,000 . ‘ I i
001 0053 02 2 s o 20 3040 5060 70 80 90 95 98 995 999 99.99
——0 DAMAGE % OF[CHANCE OF OCCURANGE
STAGE —DAMAGE |
RANGE'C"
AN |oANGET o TOTAL
EREA |ANNUAL [ANRUA J“ﬁ'ﬁT\AN ALTANNUAL] AREA [ANNUALIANKD L[ ANNUAL | ANNUAL |
v} LOSS JBENEFIT]| 0 L EFU av L | 1055 |BENEFIT |
) 1000 2000 3000 4000 5000 6000 7000 8000 9000 10,000 11,000 13,000 15,000 17,000 18,000 NATURAL| 5.15 A 1781 £ 7.73 |824,730 $ 252,040
TOTAL DAMAGE IN § 1000 -10% 4.20 [$134760830J00| /5.42 [$4337T0819,080| 3.92 [8i2,540[812,190 |8 190,670 [861,370
- 20% | 3.50 112,900 851,960 (3.53 |¢ 230| 2,02 [86,450 [818,280 {8 147,570 |8104470
- a0% | 1.79 [s572aqsi0752d 118 |s 9acdsszos0] 0.25 [8810 23920 [867,550 [8184,490
-~ 60% | 0.59 [s1900qs14586d] [0.14 |8 1080[s61370] © 0 [824730[$20,080 [8231,960
+5 // 56000 56 560, i
=+ / \ !
e 7 48 4.8 480 ;
w
g d |
2, / g x
S / S, 40 4000 4
. AUBUST 1955 FLOOD CREST -
'§ i / z " gh \ ng \ gl
32,000 3,200 2
2 / g™ \
o D.A.x 328 Sq. Mi. :
g / E
e 4 e (1955 PRICE LEVEL)
= & /24000 NATURAL— 2400 NATURAL 24
w / = \ V NATURAL
& o
o-s / " \ \ \ [
w / 16,000 oK1 N \ —|DAMAGE - FREQUENCY [
z 20% . X
w STAGE~-DISCHARGE CURVE \ )\ 0% ‘
s ’ 1\\ sooNZEX [~ AN
= _ N [\  -20x
o \ o §\ —4}\\ ‘
s - =60% e — ~40% - —
° 2 4 s 8 0 12 14 16 e 2o 22 24 26 28 30 02 04 06 08 LO 3 2.0 3.0 4.0 530 10,0 20.0 30.0
DISCHARGE IN 000 C.F.S. PERGENT GHANGE OF OCCURANGE IN A SINGLE YEAR
I
|
28 |
|
e _,.-—""'_ i
/_____,-—T- I
L
S, osa 200 l
20 T T T
(1955 PRICE LEVEL )
u 1953 ] I 18,000 1955 2 RANGE"A" $164,860@ 939%™\
016 | o1 ] ] ) ) - 60 3
8. 11,000 12,000 14,000 18,000 ——‘_'-_,__——#-—" E
2 ExTensioN | 4] ¢ | [BENEFITS VS. % REDUCTION| 145,860
- w
'L‘," 2 ’_’_/ g 20 I /!, !
8 — & (1955 PRIGE LEVEL)
3 ] {1955 PRICE LEVEL) 3 #107,520 |
a / s !
as % 80 T
3 4~ RANGE"8" 562,450 [P 75%
1948 -
g s e e N M B
o2 DISCHARGE - DAMAGE | e = ETPE, — . HOUSATONIC RIVER BASIN
{ $30,000 o 34,230 " RANGE"C" $ 24,73005!% NAUGATUCK RIVER WATERSHED
o vors0 $18,280 J $ 23920 IT DATA FOR ECONOMIC ANALYSIS
o A
% 1,000 2,000 3,000 4,000 6,000 7,000 8,000 9,000 10,000 11,000 [} 10 20 30 40 50 60 70 0 OF DAMAGE ZONE 14 b

5,000
TOTAL DAMAGE IN $1,000

1

PERCENT REDUCTION OF PEAK DISCHARGE

CORPS OF ENGINEERS, U.S.ARMY
NEW ENGLAND DIVISION
BOSTON, MASS,

!
|
|

PLATE NO. B-I



APPENDIX C

LETTERS OF CONCURRENCE AND COMMENT



APPENDIX C
S

LETTERS OF CONCURRENCE AND COMMENT

Exhibit No. Source
1 Naugatuck Valley River Control
Commission
2 City of Torrington Flood and

Erosion Control Board

3 Fish and Wildlife Service,
Department of Interior

L Federal Power Commission

State of Connecticut Flood
Control and Water Policy

Commission

6 City of Torrington

7 Connecticut State Highway
Department
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STATE OF CONNECTICUT

Tue Naucatuck VaLLEY Rivir ConTrROL COMMISSION

OnNEe CENTRAL AVENULE
WATERBUKRY, CONNECTICUT

PlLAzA 5-0175

May 14, 1956

Brig. General Robert J, Fleming, Jr., Division Engineer
Corps of Engineers, U.S. Army

150 Causeway Street

Boston, Mass.

Deéar General Fleming:

This Commission which is charged by statute with the correlation of
efforts of Federal and State agencies in connection with flood con-
trol on the Naugatuck River and its tributaries, approves whole-
heartedly the proposals which you have made in connection with the
establishment of reservoirs on the west branch (Hall Meadow) and
the east branch (East Branch) of the Naugatuck River at Torrington.

Approval of these reservoirs is based upon a detailed study of the
proposals made by the Enginecring Advisory Group of the Commission,
We earnestly urge the early authorization and construction of these
projects.

It is the feeling of this Commission which has full knowledge of

the financial status of the state and the municipalities, that the
cost of these projects should be borne by the Federal Government.

Yi::jfﬁert uty
/W
Chdié;:n '62?

C.L. Eyanson/ac
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Rooms 313-314
Gity Ha“

, CITY OF TORRINGTON
FLOOD AND EROSION CONTROL BOARD

Torrington, Gonnecﬁcut

TelePl\on e
May 10, 1956 HUnter 98028

Brig. General Robert J. Fleming, Jr.
Corps of Engineers, U. S. Army
Qffice of the Division Engineer
New England Division

150 Causeway Street

Boston 1ll., Mass. =y

[

2T( *unop uo:fﬁti'_::x.xom) g'0.0S

Dear General Fleming: Re: Dry Dams Above Torrington

As Chairman of the Torrington Flood and Erosion Control
Board, I wish to express the appreclation of the members of
the Board and its Sub-Committee, on behalf of the splendid
cooperation we have recelved from you and your excellent
personnel on our flood problems.

The local Flood Board members have studied the facts and
figures and reviewed the plans for the propossed dry dams above
Torrington. This Board wishes to express the firm belief that
the construction of both the Hall Meadow and East Branch dry
reservoirs are of the greatest importance to Torrington in the
permanent flood control plans. There is complete concurrence
on the part of this local Flood Board on plans which you have
submitted, and 1t belleves that every possible step should be
taken to expedite submission in order to have these two pro=-
jects Included in a separate section of the Omnibus Bill in
Congress at the sarliest possible date. This is an urgent
request that the work be carried out with the greatest poss-
ible speed.

In view of the fact that approximately $600,000.00 have
been spent to date by the City of Torrington, and a further
sum of $200,000.00 is contemplated, for acquisition of land
for flood control measures, it is the opinion of this Board
that this investment must be protected. It is hardly within
the power of the City of Torrington to finance any part of
the project of construction of these dams.

The State of Connecticut Highway Department is designing
a replacement for the Maln Street center bridge. Present
planning necessitates flood control above Torrington to reduce
flood waters which must flow under this bridge In the West
Branch of the Naugatuck River. Figures used in thls design
have been computed anticlpating construction of the Hall Meadow
reservolr, thus reducing the flow by the necessary cublc feet
per second during high water periods for flood control purposes.

EXHIBIT 2



(Gen. Fleming 5/10/56cont'd)

It 1s virtually impossible to increase the height of this bridge
without unreasonable and economically impractical damage to adjacent
buildings and street levels on both sides of this bridge.

This Board stands ready to carry out any request and comply
with any suggestions which you may make in connection with
speeding Congressional approval for the protection of life and
property in the City of Torrington.,

Very truly yours,
et VO Aot

Chester W. Moore

Chairman

Torrington Flood and Erosion
Control. Board



REGION 5

UNITED STATES NEW ENGLAND STATES
DEPARTMENT OF THE INTERIOR NEW YORK
PENNSYLVANIA
FISH AND WILDLIFE SERVICE NEW JERSEY
. DELAWARE
OFFICE OF REGIONAL DIRECTOR WEST VIRGINIA

IN REPLY REFER TO:
BLAKE BUILDING

BOSTON 11, MASSACHUSETTS

May 14, 1956

Division Ingineer

New England Division

U, S. Corps of Engineers
150 Causeway Street
Boston 14, Massachusetts

( "uton }{onan?nmI) §'068

Dear Sir:

Reference is made to your letter of May 4, 1656 in which
you requested comments from this office in relation to three poten-
tial reservoirs in Connecticut. The three reservoirs under considera~
tion are East Branch Nangatuck, Hall Keadow Brook and Had River.

The information concerning these reservoirs in the attachment
is of a preliminary nature and is based on a cursory field examination
of the proposed reservoir sites. The information is not regarded-as
adequate to fulfill our obligations under the Coordination Act (60 Stat.

10€0).

This office welcomes the opportunity to comment on these pro-
Jects during preliminary stages of planning. Detailed reports will be
prepared when required by your office.

%’«j}%}mr i
[ ]

E. J. Bailey
Acting Regional Director

Attachment

EXHIBIT 3



Preliminary Statement of Relation of Fish and ¥ildlife
Resources to Proposed Reservoir Developnents
at East Branch Kaugatuck, iiall ¥sadow '
Brook and hLad itiver, all in Connec- EE
ticut

Easlt Branch Hausatucl o

This sinall reservoir site of 160 acres to be located on
the East Branech Nauratuck River acar Torrinzton, Connecticut con-

_tains fish and wildlife resources of largely local importance, Be-

cause of the small size of the arsa, as well as the rattern of land
use, wildlife resources are of only nominal importance. Ruffed
grouse and cottontail rabbits comprise the wildlife species of chief
value on the site. It is not anticipated that wildlife values will
be decreased in the post-developrent period provided lands and ease-
ments are made available to the public for hunting purposes.

The East Branch Naugatuck River is an important trout stream
locally, and attracts fair numbers of anglers, especially from Torring-
ton. A segment of the stream in the reservoir vicinity is reserved for
Juvenile fishermen exclusively. The stream is of good quality and is
stocked with trout annually. Trout are also naturally produced in the
area. Damages from relatively infrequent and short-term flooding should
not be severe. ‘It is important that the stream be made available to
the public for fishing purposes in the post-development period. A
most important feature which would be valuable from the fishing stand-
point, as well as esthetically, would be the retention of woody vegeta-
tion, including shade trees along the stream course. This feature is
urged, if it is at all feasible. '

Hall Meadow Brook

‘ This site is considerably larger than the East Branch location,
and contains a smaller acreage devoted to various cultural features
such as homesites. Wildlife values are correspondingly greater. As in
the case of the East Branch project, stipulations granting free access
for hunting on project lands and easements should compensate for the
undesirable impact of flooding.

Hall Meadow Brook is also a locally important trout stream that
is regularly stocked. Although certain damages are anticipated from
flooding, it is believed that these can be partially compensated by re-
taining woody cover and shade trees along the stream course.




Mad River

This project would be situated on.the Mad River Just upstream

from Winsted, Connecticut. Wildlife values are nominal on this semi-

developed area. As in the case of the East Branch project, considerable
of the 180 acres are devoted to homesites. Wildlife losses would be
minor and would compare to the minor losses expected at East Branch.
Free access for hunting should also be provided at this project in the
post-development period.

The Mad River also is a trout stream that is stocked annually
by the State of Connecticut. It is an attractive stream, but is badly
scoured as a result of flooding. Although some damages would accrue
as a result of flooding in the post-development period, these damages
could be considerably reduced if woody cover were left standing along
the stream in the reservoir area.



150 Causeway Street

FEDERAL POWER COMMISSION
REGIONAL OFFICE
139 CENTRE STREET, NEW YORK 13, N, V.

May 16, 1956

“ad T

(razn) G-o0g

The Division Engineer
New England Division
Corps of Engineers

’s
~

“u

Boston 1li, Massachusetts

“r
— e

Dear Sir:

Reference is made to your letter of May L, 1956 inclosing
data on three potential dam and reservoir projects  currently being
studied by your staff in connection with the New England flood control
program and requesting our comments thereon. :

Two of the projects, East Branch, Naugatuck River and Hall
Meadows Brook, are located in the Housatonic River basin and one, Mad
River Reservoir, on the Farmington River, a tributary of the Connecticut
River basin.

It is understood that these reservoirs will be operated for
flood control only and no permanent pool for recreation or other purposes
is planned at this time. Pertinent data on the projects as shown in the
referenced letter are summarized in the followings '

Fast Rranch Hall Meadows Mad River

Project Naugatuck River Brook Reservoir
River Basin Housatonic - Housatonic Connecticut
Drainage Area, Sq.mio ’ ' 9.25 12,2 18.15
Capacity, Ac.Ft. 55150 75200 9,630
Reservoir Area, Acres _ 180 350 180
Top Elevation Dam, mesSels 886 905 988
Elevation SpillwayCrest,msl 871 890 973
Maximum Height dam, feet 95 55 168

In view of the small drainage area controlled by the projects
and the need to preempt available storage capacity for flood control only,

- this office concludes that the development of hydroelectric power or con=

servation stotage at these projects would not be economically feasible.
Very truly yours,
o\~

D. Jo w&it
Regional Engineer

EXHIBIT 4
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STATE OF CONNECTICUT

FLOOD CONTROL AND WATER POLICY COMMISSION

Svare Orrice Buitoing . Hartroro 15, Connecticut

-0
8y T
Corps of Engineers, U. 5. Army ' -F;i e
_ New England Division -z =
150 Causeway Street - t‘g -
Boston, Massachusetts e 2 Ie
: e 5

Attention: Mr. H. J. Kropper, Chlef - Engineering Division L Lo

g

2

Dear Mr. Kropper: =

Reference is made to your letters of 19th April and 2nd May, requesting
comments on a proposed system of flood control dams in the Naugatuck River basin
and one in the Farmington River above Winsted. This office is vitally interested
in a proposal of this type which calls for the construction of storage reservoirs
on small drainage basins. In our studies of these matters in 1948 and 1549, we
tabulated all the drainage basins in Connecticut which were larger than 25 square

-miles and which did not have a railroad running along the valley bottom., Within

the State there are only 25 such basins., We may assume that if such a basin does
not control more than 10% of the area above a population center of 5,000, it
probably has little value for flood control. Such a criteria eliminates 15 of
these 25 areas as possible locatlions for flood control structures. One of these
is too large for a practical structure; four of them are already controlled and
another will be. Of the remaining four, two are relatively unimportant, and the
other two happen to be the Naugatuck River above Torrington and Mad River above

-Waterbury. We, therefore, concluded at that time and we are more convinced at

present that If Connecticut is to obtain further flood control by storage reser-
voirs after the Thomaston Dam is completed, such control must be constructed in
the small drainage basins you are considering,

Therefore, the overall plan as outlined in the materlal presented to this
office conforms with our general thinking on flood control for the Naugatuck
River. The area above Torrington is divided into two basins which can be pro=
tected by dams constructed at three particular sites. The major part of the area
(about two-thirds) is on the West Branch of the Naugatuck River. The smaller
tributary, the East Branch, |s provided some flood amelioration by Lake Winchester
and Park Pond. The dam proposed would be of considerable benefit to property
along the East Branch in Torrington and is a reasonable structure. There are,
however, over 40 domiciles affected. These structures are average family homes.
The values along the relatively short stretch of the East Branch in Torrington
wauld have to be weighed against this dislocation within the reservoir area. It
I's noted that structures along the lower section of the East Branch are also sub-
Ject to flooding from the West Branch and that the upper reach of the East Branch
in Torrington is fed from a considerably smaller drainage area than the East Branch
at Its mouth. On the West Branch the Hall Meadow site is ideal from several aspects,
The capacity of -this relatively low dam structure will be sufficlent to completely
eliminate contributing water from this area during time of flood. A relatively
few domiciles will be affected. It has appeared to some Interests that the
construction of a dam at or near Stil] Water Pond would provide greater protection

EXHIBIT &



Mr. H. J. Kropper, Chief -2= May 15, 1956

at Torrington because a greater dralnage area exists at this point. The construction
of a dam at this location would be more difficult, At the present state of our
investigation we believe that a practical site would be in the middle of Still

Water reservoir. The amount of property necessary over and above that which could

be obtained easily from the owners of Still Water reservoir is about the same as
would be required for Hall Meadow reservoir. The capacity in inches of runoff of

a possible reservoir at this point would not be as great as Hall Meadow, The
additional area which would be controlled over and above Hall Meadow Brook is at
present subject to some flood amelioration by the existence of North Pond, Ruebon
Hart Reservoir, Still Water Pond ftself and other small ponds. We concluded,
therefore, that it is most practicable to construct a flood control reservoir at

the Hall Meadow site. Because this most practical site on the West Branch controls

a small percentage of the total area above Torrington, the East Branch site achieves
an even more desirable flood control value and demands an even more minute comparison
of the benefits and damages.

ok ok sk ok o ok ok ok ok ol ook ok ofe ok sk sk sk sk ok vk ok sk ke skl sk sk ok ok sk s sk ok ok s sk ok ok skokok sk ok ok sk

The preceding is an excerpt from a letter
to Mr. H.J, Kropper, Chief, Lngineering Divi-
sion, Mew England Division, Corps of Engineers,
UeSs Army, from Mr. John J, Curry, Chief Engi-
neer, State of Comnecticut, Flood Control and
Water Policy Commission,



CITY OF TORRINGTON

S
Office Of - o
WILLIAM T. CARROLL —
Mayor <]
City ‘Hall Building Torrington, Conn. . g
B
May 16, 1956 G
, .5
Brig, General Rohert J, Fleming, Jr. Q
Divislon Engineer E
New England Division ¢
Corps of Engineers, U,S. Arny E:

150 Cguseway Strect
Boston 1llj, Mass.

o}
7

Dear General Fleming:?

The City of Tarrington, Conmnecticut has studied the
proposals to construct the Hall Meadow and East Dranch
©lood Control Reservoirs on the West and East Rranches
of the Naugatuck River upstream from Torrington. These
proposalsg were dlscussed in a meeting on May 9, 1956, in
Torrington with representatives of the following azencles:

Conmn. Flood Jontrol and Water Policy Commission

Maugatuck River Valley Flcod Controel Commission

The Torrington Flood end Erosion Control Board

Representetives of the Corps of ZEngineers

The proposals to construct these reservoirs are fully
concurred in all respects by the City of Torrington and all
agencles concerned ere reguested to expedits any sctions
necessary to further thelr constructiocn,

As vyou know, the (ity of Torrington has committed itself to
expend $800,000 Lor flood control improvermouts since the
August 1955 flood and we are extremely anxious to see that
‘flood control 1s provided Torrington and the Naugatuck River
Valley.

Sincerely yours,

CITY OF TORRINCGTON

- ’ s P
. ) TN o .
e diclinie DCpint O
f

Mayor

EXHIBIT 6
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The following are excerpts from letters to the
New England Division, Corps of Engineers,
U.S. Army, from Ernest T. Perkins, Assistant
Chief Engineer, Connecticut State Highway Department
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May 4, 1956

In response to your letter of April 19, 1956, we offer the
following comments relative to the effects of the proposed reservoir
construction on present or future state highways.” Our comments
cover only those reservoir projects colored blue or yellow on your
index map as you indicate these are the most feasible from an
economic standpoint.

Construction of these reservoirs will be of advantage, of
course, to the Department in all of its flood replacement bridge
projects and contemplated highway improvements in the Naugatuck
Valley in that, presumably, the waterway requirements for bridges
and the anticipated flood levels will be lowered.

Hall Meadow Brook Reservoir

This will necessitate relocation of a portion of Conn. 72.
As a result of the August 1955 flood, the bridge carrying this route
over Hall Meadow Brook was destroye&iand it was planned to adver-
tise on April 23rd for bids on a replacement structure.

However, this project has been suspended until the results
of Congressional action on the Connecticut Flood Control Program
are known. A temporary structure, now in place over Hall Meadow
Brook, will have to be maintained, if the dam is constructed, until
a relocated Conn. 72 is completed. A decision not to build this dam
will reactivate the bridge replacement project.

The reconstruction of Center Bridge, Torrington, on Conn.

8, where ample vertical clearance is now difficult to attain, will be
greatly aided through a lessening of the waterway area requirement. .

EXHIBIT 7
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East Branch Naugatuck River Reservoir

No existing state highways will be affected by this project.
It appears that it, too, will be of value as regards Center Bridge,

Torrington.
1

ok % sk Kk sk ok ok X% & ok ok sk ok ok ok

May 16, 1956

. I am also forwarding you additional comments on the
Hall Meadow Brook reservoir in Torrington. I am forwarding
the cost of the State highway relocations which we feel reflect
the cost of 'replac1ng in kind' the present State highways affected
by these two ™ flood control reservoirs. It is my understanding
that such figures will be included in your report to Washington
and that if approved would be the amounts turned over to the
Highway Department in connection with the State highway relo-
cations.

* % *

Hall Meadow Reservoir

The relocation of Route 72 appears generally satisfactory
to the State. We have estimated the cost of the relocation in kind
of Route 72 along this line as $400, 000 (see attached breakdown
of costs). This figure also includes construction, rights-of-way,
and engineering costs and would be acceptable to the State as a
'replacement in kind,'

% This letter deals with a dam under consideration on the Mad
River above Winsted as well as the proposed dams on the Nauga-
tuck. Only that portion relating to the dams on the Naugatuck is
quoted here.



I would like, in closing, to reaffirm the opinion of the
Highway Department with respect to these two projects and also
with respect to the proposed dam on the east branch of the
Naugatuck where there is no State highway relocation involved.
These three flood control reservoirs would appear to be of con-
siderable benefit to the citizens of this State and will greatly
benefit certain State highway projects. The proposed reduction
in the flood flow of the west branch of the Naugatuck River at
Main Street in Torrington where the State is planning to recon-
struct the bridge on Route 8 and where the flood flow of 17, 000
cfs is estimated to be reduced to 11, 000 cfs is highly significant...
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APPENDIX D

HYDROLOGY
Dl. CLIMATOLOGY

Dl.1 Temperature. - The average annual temperature in the Nauga-
tuck River watershed is about 47°F., ranging from about 50°F, near the
coast to about ).LL;OF. in the headwa’oérs. Average monthly temperatures
vary widely throughout the year. The minimum temperature recorded in

the basin was-25°F, s the maximum recorded was 105°F, Freezing tempera-

tures can be expected from the middle of November until the end of March.
The records of temperature at Norfolk and Waterbury, Connecticut are sum=-

marized in Table D = I,

TABEE D - I

MEAN MONTHLY TEMPERATURES
(Degrees Fahrenheit)

Norfolk Waterbury
8 Years of Record 63 Years of Record

Month Mean lMaximom Mininunm Mean Maximam Minimn
January 23,3 29,3 1.0 28,1 36,8 17.6
Februar'y 2308 2803 1708 2893 3801 1703
March 3002 32,3 2he3 3763 L8aly 25,2
April L0 h6.1 hoe3 - U8.3 601 35.5
May She2 58.6 5009 59k 716 L6k
June 62,9 66,6 60,8 68,1 79.6 55.h
July 68.5 72,2 65,7 73,0  84.7 60,3
August 66,2 69l 63.1 7008 82,1 58,5
Sep‘bember 5709 5998 55.1 6&01 7602 5106
October LI.9 o0 5208 hzn 2 5335 R 6603 3905
November  37.1 42,2 32.1 h2.3 51.8 31ch
December 26,1 3.k 18,7 T2 39,0 22.3
Annual hSoz l.l,792 ML.O SOoh 6101 380)4
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D1l.2 Precipitation. = The mean annual precipitation over the Nauga=-

tuck River watershed is approximately 50 inches, uniformly distributed
throughout the year. The maximum and minimum annual precipitation at
Waterbury for 67 years through 1954 is 66.58 inches in 1901 and 31.21
inches in 1931, Waterbury records for 1955 are not available for the
period August through December, but annual precipitation has been esti-
mated at approximately 65 inches. At Norfolk at the upper limits of
the watershed, the total precipitation for 1955 was 76 inches with
23,67 inches and 17.49 inches observed during August and October, re-

spectively. Table D = IT is a summary of monthly precipitation data.

TARE D = IT
MONTHLY PRECIPITATION RECORD
(In Inches)
Norfolk Waterbury
11 Years of Record 67 Years of Record
Month Mean Maximum Minimam Mean Maximum  Minimum

January Loli7 8,32 0693 3,87 10.06 0. 8L
February 3,96 5,72 2.1l 3.52 10,00 O.h3
March 1.75 10,37 1.82 11,08 9,46 0s17
April 11,90 70,19 2,88 3.72 11,51 0,66
May 11,90 8.1 1,72 3.95 8,08 0,13
June 439 8,58 1,11 3459 11,25 0a5h
July 3.93 9,33 1,67 he3lh 18,10 1.36
August 5.3L 23,67 0065 44 30 9,48 0090
Septenber 1.3 9,25 0692 3,66 12,90 0029
October L.2L 17,49 1.86 3,16 8,83 020
November 5,145 10603 1.5L 3.81 8¢ 7h 0.78
Decenber 5400 9,40 1,20 3490 9,82 0,82

Annual ;5066 76bOO 39068 h6o 20 66058 31921
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Dl.3 Snowfall. = The annual snowfall over the watershed varies
from about 35 inches near the coast to éver 80 inches in the headwaters
region. The average snowfall for 37 years of record at Norfolk is 80.3
snches, The water content of the snow cover in the early spring often

totals i to 6 inches,
DZ, HISTORY OF FLOODS

D2.1 Historic Floods. = The earliest recorded flood of significance

in the Naugatuck River basin occurred in February 1691, Other signifi-

cant floods were recorded in November 1853 and April 195k; these two were

‘of about the same magnitude. The flood of October 1869 was the greatest

prior to 1900 with other serious floods in January 1874 and January 1891.
Since 1900 there have been many floods with the major ones in November

1927, March 1936, September 1938, December 1948, and August and October

1955,

D2.2 Streamflow Data. = The U.S. Geological Survey has published

records of river stages and streamflow at three locations in the basin
for various periods of time since 1918, The records are good to ex=
cellent, except during periods of ice wheﬁ they are fair., Following
major floods, additional peak-discharge data has been computed by the
U.5. Geological Survey for many locations on the smaller trivutaries,.

Flow data at the gaging stations is summarized in Table D - ITT,
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TABIE D = TIT

STREAMFLOW RECORDS
NAUGATUCK RIVER WA TERSHED

Discharge

Location of Drainage Area Period of (CofoSe)
Gaging Station SQeMie Record Mean(l) Maximum(2) Minimunm
Naugatuck River

near Thomaston 71.9 1930=1955 139 41,600 7
Ieadmine Brook

near Thomaston 2l 1930~1955 6,7  10,h400 0,08
Naugatuck River

near Naugatuck 216 1928«1955  L457 106,000 2l

(1) Includes 1952 water year
(2) TInstantansous discharge, August 1955

D2.3 Major Floods. = The Naugatuck River basin has experienced six

major floods in the past 30 years. Peak discharges of these floods at
the UoSe Geological Survey gaging stations near Thomaston and Naugatuck

are tabulated in Table D = IV,

TABIE D - IV

MAJOR FLOODS - NAUGATUCK RIVER

Thomaston Naugatuck
Drainage Area (sq.mi.) 71,9 2u6
Flood . Peak Discharge Peak Discharge
(CefaSs) (CefoSs)
November 1927 10,000 (est.) 26,000
March 1936 6,590 23,340
September 1938 9,970 25,300
December 1948 10,200 28,500
August 1955 111,600 106,000



Following the August 1955 flood the U.S. Geological Survey deter-

mined the discharge by the slope-area method at the following locations:

Drainage Area Peak Discharge

(cefase) (Cefose)
West Branch Naugatuck
near West Torrington 2o 2 11,900
Bast Branch Naugatuck
at Torrington 10,2 6,210

The November 1927 flood resulted from a rainfall of 5,5 inches that
fell on 3-l November on ground already saturated by excessive rains dur-
ing the previous month., The flood of March 1936 was caused by four dis-
tinct storm centers that passed over the northeastern states between 9
and 22 March, The runoff from these rains was augmented by considerable
snowmelt. The September 1938 flood resulted from the heavy rainfall that
accompanied the tropical hurricane which passed over New England on
21 September. This rain fell on ground satqrated by rains earlier in the
month., The average rainfall over the Naugatuck River basin during this
storm exceeded 10 inches. The flood of December 1948 resulted from about
9 inches of rain on frozen ground and was augmented by some snowmelt.

The flood of August 1955 was caused by rainfall that preceded and accom-
panied hurricane "Diane." This rainfall, which averaged more than 13
inches in the upper watershed and 10 inches in the lower part of the basin,
followed more than 7 inches of rain the week previous during hurricane
"Comnie." The flood of October 1955 resulted from a storm that moved up
the Atlantic Coast from Florida and deposited 10 to 1l inches of rainfall

over the upper half of the Naugatuck River Basin.
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D2,li Flood Profiles. = High-water profiles were determined from field

data obtained after the floods of March 1936, September 1938, December 1948,
and August 1955, Plate 2 (in the main report) shows these high-water pro-

£iles for the Naugatuck River basin above Thomaston.

D2.5 Flood Frequencies. = The frequency or per-cent chance of oc-

currence of peak discharges was determined from records of the three gag-
ing stations in the watershed. The frequency analyses were mde in accord-
ance with procedures described in Civil Works Engineer Bulletins 51-l and
51<1li, Application to New England rivers is summarized in F.C.S. Memoran-
dum No. 52-General-3, "Flood Frequency Studies in New England," which was
distributed with Civil Works Bulletin 53-5 (2 April 1953). The method as-
sumes that the logarithmic values of anmual peak flows are normally dis=
tributed, This allows the discharge-frequency curve to be defined by its
mean value and sbandard deviations as in a standard statistical analysis.
A current review which includes the 1955 floods indicates that a skew face
tor of 1,0 is more realistic than the factor of 0.3 used previously. The
natural discharge frequency curves for three locations in Torrington are
shown on Plate D=l, These curves were determined from statistics derived

for the Naugatuck River gaging station near Thomaston.

D3, ANALYSIS OF FLOOD FLOWS

D3,1 Scope and Purposes = For purposes of this report, the analysis

of the flood flows was limited to the area above Thomaston. The discharge
data available was limited to the U.S. Geological Survey gaging stations

near Thomaston and isolated peakedischarge data for the smaller tributaries,
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The three highest floods of recorﬂgngugust 1955, December 1948, and
September 1938) and the minor flo « of June 1952 were analyzed to deter=

mine the flood-producing potentialities of the upper Naugatuck River.

D3.2 Analysis. = For purpose of hydraulic analyses, the area above
Thomaston was divided into three components or river reaches, the East
Branch, the West Branch and the Naugatuck between Torrington and Thomas-
ton. Hydrographs were developed for the ungaged areas by analyzing the
rainfall distribution, snow-cover pattern, and observed hydrographs at
Thomaston. It was concluded that the development of a flood at Torring-
ton is comparatively uniform with the whole drainage area contributing

about equal amounts per square mile.

D, SPILLWAY DESIGN FLOOD

Dlis1 Probable Maximum Precipitation. = Values of rainfall for the

spillway design flood were obtained from Hydrometeorological Report

No. 33 (Aprii 1956), Losses from infiltration, surface detention, and
transpiration and from intangible factors were assumed at the rate of
0,05 inch per hour, The probable maximum precipitation and rainfall ex=-
cess for the Hall Meadow and East Branch reservoirs are tabulated in
Table D - Vo The rainfall excess was arranged in a pattern to give the

most critical runoff conditions.
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TABLE D = V

PROBABLE MAXTMUM PRECIPITATION

Time Max. Precipe. Losses Rainfall Excess
(Hours) (Inches) (Inches) (Inches)
3 18,33 015 18,18
6 11,20 015 11005
9 1.65 15 1.50
12 1,05 o15 90
15 o710 015 55
18 055 15 L0
21 e’-l; 015 030

Dio2 Spillway Design Flood, = The spillway design flood inflows for

Hall Meadow Brook and East Branch Reservoirs were developed from the probe
able maximum precipitation (Bsc. Dh.l) and the compubted unit hydrographs,
The computed inflows were routed through the reservoirs which were assumed
to be filled to an elevation equivalent to 8 inches of storage when the
flood runoff began., Table D=VT is a summary of the maximum discharges and

elevations for the selected spillway lengths.

TABIE D - VI

SPILLWAY~-DESIGN=FLOOD DATA

Reservoir
Hall Msadow East Branch

Drainage area (sq.mi.) 12,2 9.3
Peak inflow (CofeSe) 33,000 25,000
Peak outflow (C.foS.) 25,000 22,000
Pool elevation (feet) at begine-

ning of flood (8 inches of storage) 883,5 86l1,
Spillway length (feet) 200 175
Spillway elevation (feet) 890 871
Surcharge (feet) 10 10
Freeboard (feet) 5
Top of dam (feet above m.Sels) 905 886
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D5. OUTIETS
The outlets for the Hall Meadow Brook and East Branch Dams will be
ungateds The reservoirs will act as detention basins and flood flows
exceeding the capacity of the outlet will be stored in the reservoir.
Conduits with diameters of 45 inches at Hall Meadow and 38 inches at East
Rranch were selected to pass the normal flow of the river without utiliz-
ing too mch storage; to limit the discharge for all reservoir stages to

bankfull capacities; and to empty the reservoirs within a reasonable time.

D6. EFFECT OF RESERVOIR REGULATION

D6.1 Flood of August 1955, = The effectiveness of the proposed reser=

voirs on a recurring flood comparable to the flood of August 1955 is shown
on Plates D = 2 and D = 3. The Hall Meadow Reservoir would reduce the
flood discharge at the dam site from 6,170 c.fess to 270 cofess At the
time of the peak flow in Torrington from the uncontrolled watersheds the
reservoir outflow through the ungated conduit would have been 220 c.f.s.
The reservoir would rise to elevation 883, equivalent to 7.0 inches of

storage or 70% of the total.

The flood discharge at East Branch Reservoir would have been de-
creased from 5,610 cofsS. to 290 Cofes. with only 250 c.f.s. contribut-
ing to the peak flows from uncontrolled areas. The reservoir would rise
to elevation 863, equivalent to 7.7 inches of storage, or 73% of the

tOt&la
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It is estimated that in a flood comparable to that of August 1955,
the reservoirs would reduce the flood stages in Torrington by an average
reduction of Ii feet in the East Branch and 3 feet on the West Branch and

the Naugatuck below the East Branch,

D6.2 Standard Project Flood. = A standard project flood for Torring-

ton was developed ag a demonstration flood to test the effectiveness of
the proposed reservoirs., This flood was developed for a drainage area of
L7.6 square miles with rainfall as described in Civil Works Engineer Bul-

letin No. 52-8 and unit hydrographs developed from the flood of August 1955,

A tabulation of the 3=hour rainfall and rainfall excess 1s shown in
Table D-=VITTe
TAHIE D = VIIT

STANDARD-PROJEC T=FLOOD RATNFALL
for Torrington

Drainage Area = 47.6 square miles Rainfall
Time Rainfall losses ‘Excess
(Hours) (Inches) (Inches) (Inches)
0 0 0 0
3 0,07 0,07 0
6 o2ly o2l 0603
9 058 021 o 37
12 1,75 o21 1l.54
15 6097 021 6‘76
18 a97 02l 0476
21 228 21 «O7
2L o1ly o1l 0
11,00 1.h7 9,53

The peak discharge of the standard project flood at Torrington below the

East Branch is 35,000 cof.s., 33% greater than the experienced flood in
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August. It should be noted that the total standard project storm of 11
inches is less than the rainfall experienced in August 1955. However,
the rainfall in’tensitievs for the maximum 3-hour period in the standard
project storm are approximately twice the maximum intensities experienced
in 1955, thus producing higher discharges are produced in the standard

project floode

Tn the upper part of the Naugatuck River Basin, it is estimated
that the Hall Meadow Brook Reservoir would reduce the flood flows in
the West Branch by 36%, East Branch Reservoir would reduce flows on
the East Branch by 71%, and the combination would reduce flood flows

below the East Branch by Li%.
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APPENDIX E

DESIGN AND ESTIMATES OF COST

El. SURVEYS AND EXPLORATIONS

Topographic maps of the dam sites and reservoir areas were
compiled from U.S. Geological Survey and U.S., Army Map Service sheets.
The principal geologic features were determined by core borings and
field reconnsissance, An indication of soil conditions at each dam
site was obtained by field inspection and by investigation of soil
samples in the Soils Laboratory of the New England Division. Details
of geologic and soils investigations and the results of laboratory
tests for each site, with data on available construction materials,
are given in Appendix A, Hydrologic and hydraulic date and details

are contained in Appendix D,

E2, BASIS OF COST ESTIMATES

E2,1 Basis of Estimates, ~ The costs of Hall Msadow Brook and

East Branch dems have been estimsted upon the basis of a design which

would provide economical and safe structures for the given conditions.

‘Quantities have been estimated on the basis of net outlines of the pro-

posed design and foundation requirementso Barth=borrow costs include
stripping the borrow area, spoil, compactions in fill, and loss from
borrow to £ill, Im determining rock quantities, consideration was
given to rock available from the required excavation and to swell

factor from excavation to fill,
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E2,2 Unit Prices, - Unit prices are based on an average of bid prices,
adjusted to 1956 price levels, for similar projects constructed, under con-
struction, or under contract in New England., The adopted unit prices are
adjusted to include minor items of work which do not appear in the cost

estimate, The detailed cost estimates are given in Tables E-I and E-II.

E2.3 Contingencies, Engineering, and Overhead, - To cover contine-

gencies, construction costs have been increased by 20%., The costs of
engineering, design, supervision, and administration are estimeted lump

sums based on knowledge of the site and experience on similar projects.

E2,); Lands and Dameges. = Land requirements will include dam site,

borrow, apoil, reservoir area, and land required for reloecations. The
costs of lamis and rights=of=way have been estimated upon the basis of
current market values, field reconnajssance, and informetion sscured
from local officials., The estimates are based on local interests‘paying

costs for land, improvements, and rights=of=way,

¥

E2,5 Basis of Annual Charges. - The estimate for annual charges is

prepared on the basis of 2,5% interest on the total investment plus amor=
tization of the investment over a period of 50 yeers, The Federal invest~
ment includes the first ocost plus 2.5% imterest for ome-half the estimated
construction period of 2 years., Ths total nog-Federal annual charges
include net loss of taxes on lands only, The maintenance of the projects

is based on knowledge of the site and on similar projects in the New England

area and is included as a non-Federal charge.
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E3. DESCRIPTION AND COSTS - HALL MEADOW DAM AND RESERVOIR

E3.1 Description, - The Hall Meadow Brook dam site is located in
the city of Torrington on Hall Meadow Brook, O.i mile above its conflu=
ence with the West Branch of the Naugatuck River. The reservoir, which
would lie in the ciby of Torrington and the town of Goshen, is shown on
Plate E=1l, The total drainsge area of this stream is 15,7 squere miles,
The drainage area at the dam site is approximately 12.2 square miles and
is mostly cleared., The flood=control storage capacity of 7,200 acre~feet
at spillway crest is equivalent to 11.l inches of runoff from the tribu=-
tary drainage area, -The reservoir area would cover approximately 350

acres at spillwey crest elevation 890.0 feet m.2.1l.

E3.,2 Dam and Appurtenant Works., = A rolled~earth dam would be

constructed across the mein chennel of Hall Meadow Brook. An earth
dike would be constructed across & saddle located about 1,000 feet

oast of the dam. An ogee spillway would be located at the westerly
end of the dike with the spillway discharging into e tributary of Hall
Meadow Brook, The outlet would consist of en ungeted conduit discharge
ing into the main channel of Hall Msadow Brook immediately below the
dam, A general plan and typical s ections of the dem and eppurtenant

structures are shown on Plate E=2,



ment and cther interested agencies,

Pertinent Data = Hall Meadow Brook Dam and Reservoir

Dam

B

Type

Top elsvation

Longth

Maximum height

Fresboard above
gpillway design flood

Dike

Type

Top elevation
Length
Maximum height

Spillwey

Typs

Crest elevation
Length

Design discharge
Surcharge

Outlet
Type

Size

for reasonable modification in the plans,

miles upstream of the dam site,

96

rollsd earth
905 MsSolo
1080 feet

55 *
5 n

rolled sarth
905 mesole
1030 feet

30 °

ogle
\J9Q MmeS olo
200 feet

25,000 cofo8o

10 feet

reinforced conorete,
ungated
L5 inches diameter

E3.3 Relocations, = The proposed highway relocation will conform to
current standerds and requirements of the Connecticut State Highway Depart-

The estimate is adequate to provide

The construction of the dam would necessitate the relocation of Con=
necticut Route 72 for a distance of 2.3 miles. The relocation would begin
at & point about 0,5 mile downsiream from the dem site and extend upstream

along the reservoir flow line to rejoin Route 72 at a point about 2,0



E3.i Plan of Construction. -~ During the first comstruction season,

the higlway would be relocated and the outlet works constructed. The
river would be diverted early in the second season, The spillwey channel
excavation and dem and dike embankment would then be accomplished con- -
currently, followed by placing of spillway concrete. It is estimated

that all work would be completed in two seasons .

E3.5 Cost Estimate., - Federal and non-Federal first costs of the

Hall Meadow Brook Dam and Reservoir are detailed in Table E=1 at the end

of this Appendix. Annual cherges are given in Table I of the mein report.

Ey, DESCRIPTION AND COSTSs EAST BRANCH DAM AND RESERVOIR

E4.1 Description. -~ The East Branch dem site is located in the
eity of Torrington, Connecticut on the East Branch of the Naugatuck
River. The reservoir, which would lie entirely within the limits of
the city of Torrington, is shown on Plate E=3%, The total drainage area
of ﬁhis streem is 1l square miles, The drainage area tributery to the
dam site is approximetely 9.3 square miles and is mostly wooded. The
flood=control storage capacity is 5,150 acre~feet at spillway crest,
equivalent to 10,5 inches of runoff from the tributery drainage ares,
The reservoir area would cover approximately 180 acres at the spillwey

crest elevation 871 feet m.s,1,

E4.2 Dam and Appurtenant Works. = A rolled-earth dam would be

constructed across the main channel of the East Branch, Naugatuck River,
with a side-channel spillway in the right abutment of the dem. The

spillway channel would discharge into the river below the dam site,.
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The outlet would consist of an ungeted conduit discharging into the main
channel of the East Branch below the dem. A general plan and typical

sections of the dam and appurtenant structures are shown on Plate E-l.

Pertinent Data -~ Hast Branch Dam and Reservoir

Dam
Type rolled earth
Top elevation 886 m.sole
Length 740 feet
Meximum height o5 *®
Freeboard above 8pill=
way design flood 5 "
Spillway
Type side chennel
Crest elevation 871 mesols
Length 175 feet
Design discharge 22,000 cofose
Surcharge 10 feet
Outlet
Type Reinforced concrete,
ungated
Size 38 inches dismeter

Elo3 Relocations. = The construction of the dam would necessitate
the relecation of Newfield Road for a distance of about 2,0 miles. The
relocation would begin at the junction of Newfield Road and Marshall
Lake Road, Torrington, at the upstreem end of the proposed reservoir., It
would cross Meyer Road and roughly follow the flow line back to Newfield

Road, about 2,000 feet downstreem from the dam,

Eli,ly Plan of Construction. = During the first construotion season

the highway would be relooated and the outlet works constructed. The

river would be diverted early in the second season, The spillwey chennel
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sxsavation and dam embankment work would then be accomplished con-

currently, followed by plecing of spillway concrete,

that all work would be completed in two seasons,

It is estimated

Ei.5 Cost Estimates. =Federal and non-Federal first costs of the

East Branch Dam and Reservoir are detailed in Table E<=II at the end of

this Appendix.

Annual charges are given in Table II of the mein report,

TABLE E-1 - HALL MEADOW BROOK DAM AND RESERVOIR

Estimated Unit
Quantity Unit Price
FEDERAL FIRST COST -
RELOCATIONS
Roads 203 Mi L.S,
Contingencies
Total
RESERVOIR
Reservoir Clearing 120 Acre 350,00
Contingencies
Total

Access Road
Contingencies

Total

FIRST COSTS
(1956 Price Level)

Estimated
Amount

Total

ACCESS ROAD

L.S.

$ 1,100,000
70,000

$ 1470,000

442,000
8,000

50,000

5,000
1,000

6,000



Bstimated Unit Estimated
Quantity Unit Price Amount Total

DAM CONSTRUCTION

Preparation of Site 17 Acre $600,00 10,200
Stream Control 1 Job L.8. 5,000
Barth Excavation

(Common) 180,000 ¢.y. 0,60 108,000
Earth Excavation '

(Borrow) 98,400  coy. 0,75 73,800
Rock Excavation 8,800 coy. 3,50 30,800
Rock Excavation

(Borrow) L5,000 oy 4,00 180,000
Embankment, Rolled 243,000 c.y. 0.30 72,900
Filter Sand and

Gravel 5,000  coye 2,00 15,000
Rock Fill a,000  eoy. 0,80 51,200
Conerete Mass 6,000  coy. 35,00 210,000
Concrete Reinforced 200  coye 65,00 13,000
Conduit 1 Job L.S, 105,000
Miscellaneous Items ' 87,500

Subtotal $ 962,100
Contingencies 193,600

Total Dam 1,156,000
Engineering and Design 186,000
Supervision and Inspection 92,000

Total Federal First Cost $ 1,960,000
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Estimated
Quantity

Unit

Unit

Estimated
Amount Total

NON-FEDERAL FIRST COST

Price

LANDS AND DAMAGES

Lands L65
-Improvements Aecquired
Severance Damages

Bubtotal
Contingencies

Subtotal

Resettlement Costs
Acquisition Costs

Total Non=Federel First Coest
Total Pederal First Cost

TOTAL PROJECT FIRST COST

Aores

101

L.S,
L.S,

$ 178,000
184,000
7,000

$ 369,000
72,000

$ LL1,000

8,000
11,000

L60.000
1,960,000
$ 2,420,000



TABLE E-II -~ EAST BRANCH DAM AND RESERVOIR

FEDERAL FIRST COST

Roads
Contingencies

Total

Reservoir Clearing
Contingencies

Total

Access Road
Contingencies

Total

FIRST COSTS
(1956 Price Level)

Estimated Unit Estimeted
Quantity Unit Price Amount Total
RELOCATIONS
2,0 Mi, L.S, $ 310,000
60,000
$ 370,000
RESERVOIR CLEARING
25 Acre 260,00 9,000
2,000
11,000
ACCESS ROADS AND PARKING AREA
L.S, 5,000
1,000
6,000

DAM CONSTRUCTION

Site Preparation 9 Acre 600,00 5,400
Stresam Control 1 Job L.S, 5,000
Barth HExcavation

(Common) 17,000 Go¥e 0,60 10,400
Earth Excavation

(Borrow) 95,750 GoYo 0.75 71,812
Rock Excavation 63,000 GoYo 3,50 220,500
Embankment Rolled 272,000 CsYs 0,30 81,600
Filter Sand & Gravel 10,000 GoYo 2,00 30,600
Rook £i11 50,000 Go¥o 0,80 [,0,000
Concrete Mass 3,700 Co¥o 35,00 129,500
Conce., Reinforeed 500 Co¥o 65,000 32,500
Conduit 1 Job L.So 12);,000
Miscellaneous Items 8l,,688

Subtotal 930,000
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Estimated
Quantity

tnit Price Amount Total

FEDERAL FIRST COST (econt'd)

Subtotels carried forward

Contingencies 100,000

Total, Dam 1,120,000
Engineering and Design 183,000
Supervision and Inspection 90,000 -

Total Federal First Cost $ 1,780,000

NON=FEDERAL FIRST COST
LANDS AND DAMAGES

Land 235 Acre L.s. § 72,000
Improvements L.s, 613,000
Severance Damages L.S, 10,000

Subtotal $ 6959000
Contingencies 143,000

Subtotal 838,000
Resettlement Costs L.S, 21,000
Acquisition Costs L.S. 28,000

Total Non-Federal First Cost 890,000

TOTAL PROJECT FIRST COST $ 2,670;000

$ 930,000 § 387,000

103



CORPS OF ENGINCERS

U S ARMY

VICINITY MAP

SCALE IN MILES
8 ! 0 s 10

e

LEGEND

e Existing grovel roogs
Surfoced Town roads

—_——— Civil Township Line

Reservoir at spillway
cresl, EI 890
——
——

Ralocated road
Stole hghway

x

SCALE IN FEET

% 5go’ 1000 1500

FLOW LINE AT

SPILLWAY CREST

EL.890.0 o

: TORRINGTON

NOTES

Elevations rafer fo Mean Saa Level bqram
Contour inrerval aquals ten fee! '
Topegraphy /s basedon U S.G.5. Mop

[
I

ELEVATION IN FEET ABOVE MEAN SEA LEVEL

940

:\REA IN HUNBREDS OF ACRESZ

W\ /
Spilluay Crost £ 8BRS 11,0 "Runce, -
a0 _E,?__ 2N
pd | %,
880 ! \

a0

2

|
|
/ I
: \
i

[+ 2 4 io [t ",

AREA IN. THOUSAND ACRE- FEET

AREA AND CAPACITY CURVES
DRAINAGE AREA 2.2 SQ. MILES

e

e
g

—

J "”“ Z

PSS SPILLWAY

CORPS OF ENGINEERS, U. S. ARMY
QFFICE OF THE DIVISION EMGINEER
NEW ENGLAND DIVISION

BOSTON, MASS,

W-“l"“-ﬂ'l"-ﬂ HOUSATONIC RIVER FLOOD CONTROL
HHL. | HHL | HEB

N7 HALL MEADOW BROOK DAM

R — . RESERVOIR MAP
Aadrles A HALLL MEADOW BROOK CONNECTICUT
8 . PATE _MAY 1956

LTCOLS.£.ASST. TO OIVIBION EWGINEER

v SCALET AS SHOWN
TO ACCOMPANY REPORT DRAWING NUMBER
DATED 31 MAY 1956 HC -1-1028
SHEET | OF 2

PLATE NO. E-I.




WS ARMY

£ORPS OF ENGINEERS ‘ L ‘

NN W LN
SVENENNNNNS

AN ,
\ \ \ \ N\ \ . ) Anis of dam e --’

\
\\ \\\\\\ \\ \\ \\,_ ' [ e
\ \\\ AN UPSTREAM Rooolway = ) COWNSTREAM
ARY \\‘ SN 10'Grave baciding T grtor £ 50 _—
N h Soiltway Crest £ 370 Jvo .

o o Grave/ Facing
< 5"

o ~ ~
. Original Ground ?urf:cg-) 00" l- 26" Stripping
o H t

! .
TYPICAL DAM 8 DIKE SECTION

i SCALE 1"='40'

b s o
1 £ 3 piliway Crest €1, 8900
NTAKE  PORTAL - ‘- N N - T
{ 5 - //(,// - \ \ \ | Derrick shones’
) A T .
;

Assumoad rock Surface

: ‘ 3° Min.
SECTION THRU SPILLWA

SCALE "« 10

Qriginial Fround Lurfise

MR A1t vacaner ]
Derr/zkm Avar

ELEVATION IN FEET

Aswmcd‘ Rk 5[1’1“(!5(_”( : 1,; AN/
- 1 { 1 [

;
1 |+oo; 12400 13400 14400 15400 19400

PROFILE ALONG & SPILLWAY

HOR. "= 60'
VERT. 1“~ 30"

S SCALE:

N

. s Jpitlway Channei
. Ovigrnal Ground Surfice
. 900 ot e 800 - - »-——d\ﬂeu Varies
g e
E < Original grovodt .fw;- e Assume.f Rock Surfsse
2 880 [— R L 030
z
3 B .
.k 86O ’ L',l.ssumzd'rnck Surfecs T 860
3 SR . _ SECTION THRU SPILLWAY CHANNEL
B o e e . : — e ¢ e o o o e+ s i = s s o] G40 . (STA J +00) - P
SCALE 1"= 40' ! M
. y - . ) BN . i 820 . v | A Gonduitr
I " g P S i ey , riginal ground ~ _ |
820 "Sta 2000+ £ Spiiiway : ' . ‘ - ace A e [
. ‘ . i S : ‘ ‘ 1 1 i 1 800 ‘
808536 |:no ; z:oo 3:oo 4:00 o5 e sth‘ e %‘ e a*\.ﬁo‘ 9+00 T 10400 T 12+00 13+00
o ' .PROFILE . ALONG ¢ DIKE. ‘ '
' . HOR. (*~60" ’ :
SCALE yERT. 1 30 ' |
920 e - R L 20 ‘ . S e
£ Top_of_dom £1.905 B ] ) | : SECTION THRU CONDUIT =~
T e, 2 900, ) ‘ SCALE 1“s6'
|
b |
E CORPS OF ENGINEERS, U. 3. ARMY ' -
z | : e kB s o
' x [ RN ; BOSTON,MASD. 5 .
g 7
% ' ! or. oY T;-E' o oY HOUSATONIC RIVER FLOOD CONTROL
W a40 B R s e . o+ e i i s e . e T . i —_ - B40 I .
: o = — R | s y54| HALL MEADOW BROOK DAM
- - K S TS SO oo i : oo e ed B20 [encizey_ewomeen | NER . e
620 1 Sta. 7900w Rali Weadow Brook A ; groy e GENERAL PLAN o
) R N ' R . _ CONNECTICUT.
o Il | e | - | (- d . M. BV . ] SR y 1 : J 800 § - DATE AY.
“70400 TI00 -t 200 T 3+00 7400 8¥00 . 6t00 ! +00 ‘e¥0. 9400 10+00 11400 , ; s . J_Y;uﬁ_.‘
' . A A . : ; ~ FACALE. AS .SHOWN :
PROFILE ALONG-¢ DAM . ‘ ! 10 ACCOMPANY REFORT [ ~ORAWING NIER
' HOR. 1= 60" ' ; ' DATED 31 MAY 1956 . HGC-1-1029
SCALE VERT P30 0w g A R ‘ L . . Lo ) o . . fewgeTeiokec o 0w
A 4 R - - g IR g FLEEE - NN e o . PR "
: ‘ - PLA



CORPS OF ENGINEERS

U S _ARMY

WINS

)REAST BRANCH

N RRINGTON

5,

1

DAM

BRISTOL,7

VICINITY MAP

SCALE IN MILES

LEGEND

Existing gravel roods
Surfoced Town roads
Reservor at spillway
crast, £/ 87/

road

NA FLOW LINE AT

X SPILLWAY CREST
\\ EL.87|
2 {|\)
RELOCATED ROAD

(/

NEWFIELD

7oy
VKGO 25 Ml

RESERVOIR PLAN

SCALE IN FEET
o 500' 1000 1500
e e—

200 330 200

‘AREA

270 240 200 80 /50120 90 GO 20 O
1T

N ACRES

™.

1

890

870

860

880 oty e
piway res. -
Lev B2 2 Y0.5Cuno s A

~

™

\

= c\‘_‘

850

840l

AN
& F
Vi

v

830

820 /

\

AREA IN FEET ABOVE MEAN SEA LEVEL

810

Srso Apre-

N

800

o

! =) woon 1z

Z 3 4 5 6 7 8
CAPACITY IN THOUSAND ACRE FEET

AREA AND CAPACITY CURVES

DRAINAGE. AREA 9.25 SQ. MILES

NOTES

£/evations refar fo Mean Seo Level Datom.
Contour interval equols ten Yesl.
Topography is based on U.5.6.5. Mop.

CORPS OF ENGINEERS, U. S. ARNY
OFFICE OF THE OVISION ENQINEER
NEW ENALAND DIVIZION
BOSTON, MASS,

on.av [ Th.ev] ck. Y] HOUSATONIC RIVER FLOOD CONTROL
RF | RF | HEB

BMITTED B

EAST BRANCH DAM

RESERVOIR MAP
z|NAUGATUCK _ RIVER

CONNECTICUT

;7 BB B c Lol PATE_maY 1956 |
CHIEZY ENQIFERING DIV |LTOOL £E.ABSY. TO DIVISION JENGINEER

o
SCALE: AS SHOWN

TO AGCOMPANY REPORT
DATED 31 MAY (956

DRAWING NUMBER

HC-1-1030

SHEET | OF 2 3.
PLATE NO. E-3



us‘a}m{

‘CORPS _OF ENGINEERS

=
<
w
o
.
)
=
=
(=
[=]
3
&
N
8
&
!
3!
d
8
g
g
13
L)
.
s
g

N
N
b
al
W
| v
a| Gf
ull o
| 2f
S‘M <
aisd] <
> 2
2 G
£ ¥
-5 8
D.umﬂ
)
b
¥
iy
4
St
N

Dumped rock

§

JS S

16" Sirioping

TYPICAL DAM SECTION

Driginal ground Surfgce

o'

D

~ ~ (Jﬁ/?lﬁ.'/'

cobior g

rurfoce

LIk 7

b4

T

>

Orgf. .“ p&m;o"uw/?fv

o curvice
~

A L9

s

153

SCALE:  [*w8'

aso
260

- =i 840

e TBO

1400

10+

9H00

1" 10"

 PROFILE ALONG ¢ SPILLWAY CHANNEL

. $CALE:

SPILLWAY SECTION

—_—————

[T of Lol

orest el 8%
2400

4L BOET T s

”
/o

1400

Top of't,

80 . -

PLAN

o

SCALE IN FEET

SITE

108

A —

A

SR,

1" g0’
VERT. "2 30"

HOR.

scaim:

1840

-820

860

r7’0;: of-dam £1.6060

LSRIIVGY Erest £1.871.0

arighal

R,

groun
L sur]

“Assumed nx‘A’ Srbics

10w

f spillway Mam:/

T ‘
3 3|2
E= ¢t
Z ol >
OA MA e
Clal H 4o
Z a9 30
a < Of¢ 2=
gx a P2
m [N nm.
= FC HER
= gléx
m..n. 2 3 @ .M_
i e« s 5
iz |> << x|, ~
UIO‘l w - -
it [+ < I 1 ) =
dgeEi|i® M 5 =| [E2 g
geil T Z x| M z
£333 e
ETH 1] 2
HE © X2
2|8 W Skdts| £
°f la g [ PN e
g0 38 g3
H =] 3 qgEe
8 2 2123
T =z mYH
- =1 Z=
mm . | o=
TE3 $ H
3 ] 34 8a
1 HR: o I
a sadeNl: 2 &
£ o, -
NI =
s X 8
Eo ﬂom
=3 o
8 B
-
]
+
(e

- 9+00

54+00. 600

A+

%00

2400

-3
<@
@

s

o
&
.2
13324 NI NRIVATS ..

@

PROFILE ALONG & OF DAM

"HOR. |*« €0

SCALE:

-E: VERT.{"=30""

PLATE NO.E-4




SYLLABUS

The Division Engineer finds that there is need for revision
of the existing flood control plan for the Naugatuck River in order

to insure the stability of present development, the security of the

inhabit»anté, and the preservation of existing economic values. He -

finds that the Naugatuck River causes major damages along its

“watercourse through the highly industrialized Naugatuck Vailey.

He concludes that ﬂood control imeasures, in addition to the

authorized reservoirs, are necessary and economically justified.

The Division Engineer recommends that the zuthorized
plan for flood control in the Naugatuck River Basin be modified to
érovide for the construction of flood control dams and reservoirs
on  Northfield Brook, Branch Brook, Hancock Brook, and I—¥0p
Brook at a total estimated. first cost to the United States of

$10,130,000 exclusive of pre-authorization costs, provided local '

Jinterests estdablish encroachment lines downstream of the dams to

permit reasonable, efficient reservoir operation.

(R 11/1/58)



entire course through the town. Nearly 350 residential and commer=
cial buildings in Naugatuck were damaged and some 40 of these were
destroyed.

29, ANSONIA, CONNECTICUT

Flooded by the heavy flow on the Naugatuck River;, Ansonia suf-
fered losses of over $29,000,000. Two lives were lost as approximately
150 dwellings, 270 commercial establishments, and some 6 public build=
ings were flooded to depths up to 12 feet. Severe urban losses were
experienced in the Main Street area when the Maple Street bridge washed
away and the attendant surge released the mound of debris acting as a
temporary dam, Damage to 5 Ansonia firms exceeded $20,000,000. Hardest
hit were the Hershey Metal Products Corporation and the Ansonia divi-
sions of the American Brass Company and the Farrel-Birmingham Company,
with plants in the central part of the city. Located in low areas;
these plants sustained heavy structural damage and heavy silting of
machinery and finished products.

30, RECURRING LOSSES

Under economic conditions prevailing in 1958, a recurrence of the

August 1955 flood after discharge reductions by Thomaston, Hall Meadow,

and East Branch Reservoirs and the P.L. 685 project at Waterville-

Waterbury would cause an estimated loss of $28,560,000 in the main dam-

age zones of the lower Naugatuck River Basin.,  Approximately $9,350,000
of this loss would occur in the Waterbury area and nearly $11,000,000
in the Ansonia-Seymour area.

31. AVERAGE ANNUAL LOSSES

" Average annual losses remsining in ‘the lower Naugatuck River Basin
after reductions by the above projects amount to $1,098,000,

23
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SECTTION XIT - EXISTING CORPS OF ENGINEERS' FLOOD CONTROL PROJECTS
32, THOMASTON DAM AND RESERVOIR

This project was authorized by the Flood Control Act approved
December 22, 1944 (Public Law 53k, 78th Congress, 2d session). The
site of the Thomaston Reservoir is on the Naugatuck River about 30
miles sbove its confluence with the Housatonic River and about 13
miles north of Thomaston, The reservoir will extend upstream.ape=
proximately 7 miles. The project provides for the construction of
a rolled earth and rockfill dam 2,000 feet long at the crestline,
rising 142 feet above the stream bed and providing a storage capa=
city of 42,000 acre-feet, equivalent to 8,1 inches of runoff from
its tributary drainage area of 97.0 square miles. A side-channel
spillway with a low concrete weir, constructed in rock, will be
located in the left abutment of the dam. The outlet will consist
of a 10-foot diameter concrete horseshoe conduit. Control will be
accomplished by 2 hydraulically=-operated slide gates, A contract
for relocation of the railroad from the reservoir area was awarded
in October 1957, A contract for construction of the dam was
awarded in April 1958 with the project scheduled for completion in
1960, Estimated costs, as of the last printed Annual Report of the
Chief of Engineers (1957), are $8,920,000 for construction and
$8,580,000 for lands and damages, including highway, railroad, and
utility relocationss a total of $17,500,000 for new work. ‘

33, PUBLIC LAW 685 PROJECTS

Pursuant to the provisions of Section 205 of the Flood Control
Act of 1948, as amended by Public Law 685, 8Lth Congress, 2d ses-
sion, approved July 11, 1956, the Chief of Engineers has authorized
studies of 5 local protection projects in the Naugatuck River Basin.
These projects are described in the following paragraphs.

8 Torrington,

(1) East Branch and Naugatuck Rivers, This project con-
sists of channel straightening, deepening, and widening, and con=-
struction of intermittent earth dikes and flood walls along the East
Branch of the Naugatuck River and the main Naugatuck River below its
confluence with the West Branch. Within the project length of ap=
proximately 9,000 feet, the new channel in the Naugatuck River has
a bottom width of 130 feet; the chamnel in the East Branch has a
bettom width of 50 feet from the confluence with the West Branch to
the plant of the Connecticut Power Company, and a width of 30 feet
for the remainder of the improvement., Dikes, composed of materials
excavated from the channel, were constructed along portions of both
banks of the improved chamnel, Several short sections of concrete
retaining wall were congtructed; together with minor repairs to

2l



SECTION XVIII - ANNUAL BENEFITS
48, FLOOD PREVENTION BENEFITS

Flood damage prevention benefits represent the difference be-

tween the aversge annual losses of $1,098,000 remaining in the lower

Naugatuck River Basin after discharge reductions by Thomaston, Hall
Meadow, and East Branch Reservoirs and the P. L. 685 project at
Waterville-Waterbury, and the average annual losses remaining after
addition of l reservoirs on Northfield, Branch, Hancock, and Hop
Brooks. Flood damage prevention benefits accruing to the Li reser-
voirs amount to $639,000, A summary of anmual flood prevention
benefits is presented below.

Average Annual Flood Prevention Benefit.
' ' {1956 prices) o ,

Northfield Brook Dam and Reservoir $120,000
Black Rock Dam and Reservoir 225,000
Hancock Brook Dam and Reservoir 153,000
Hop Brook Dam and Reservoir 141,000
Total Annual Benefits 639,000

In addition to the tangible flood damage prevention benefits,
important intangible benefits would accrue to the L reservoir proj-
ects through the reduction of the threat to life and of the poten-
tial danger of disease from polluted floodwaters,

49, ENHANCEMENT BENEFITS

Flood discharge and consequent flood stage reductions by the
reservoir system would encourage higher utilization of downstream
lands and buildings., The degree and form of such higher utiliza-
tion, however, is conjectural. No higher utilization or enhance-
ment benefits have, therefore, been assigned to the reservoir

system,

39
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SECTION XIX - PROJECT FORMULATION AND ECONOMIC JUSTIFICATION
50. GENERAL

Benefits for each of the 9 reservoirs studied in detail were
first determined for each reservoir acting alone. Benefits attribue
table to the authorized Thomaston Reservoir, the P. L. 685 project at
Waterville=Waterbury, and the previously recommended Hall Meadow
Brook and East Branch Reservoirs were considered to be already
realized and were, therefore, not eligible for redistribution among
any of the projects under study. An analysis on this basis indi-
cated i of the 9 projects under study had benefit-cost ratios of less
than unity. Since this was the most favorable basis of consideration,
these l| projects were dropped from further study. Two projects on
_ Branch Brook, the Black Rock project and the Branch Brook project,
were alternatives having the same benefits. Since costs were sub=
stantially less for Black Rock than for Branch Brook, this latter
site was dropped from further consideration. Benefits to each of
the lj remaining reservoirs in the system, based on respective flood
control effectiveness, resulted in favorable benefit-cost ratios
for all lj As a final test of economic feasibility, benefits for
each reservoir acting last in the system were determined. Under this
stringent criteria, all lj reservoirs had a benefit-cost ratio in ex-
cess of unity.

Table 8 gives pertinent data on the reservoirs in the proposed
comprehensive plan and on other reservoirs studied,

Lo
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TABLE 8

SUMMARY OF RESERVOIKS - NAUGATUCK RIVER BASIN

‘ BENEFIT-
N LOCATION DRAINAGE  FLOOD ‘CONTROL FIRST COSTS ‘ ANNUAL ~ ANNUAL . - COST
NAME RIVER TOW AREA CAPACITY CONSTRUCTION HRELOCATIONS  TANDS — TOTAL ~ CHARGES  BENEFITS  RATIO
(Sq Miles) (&cre-Ft) (inches) 3 $ $ K] $ $
. COMPREHENSIVE PLAN o
Hall Meadow(l) Hall Meadow ’ . _ .

Brook Brook Torrington 12.2 7,200  11.4 1,412,000 548,000  L460,000@ 2,420,000 100,000 244,000 2.4k

East Branch(l) E. Branch o . i

Naugatuck Torrington 9.3 5,150 10,5 1,343,000 437,000  890,0002) 2,670,000 102,000 128,000 1.2
Thomaston (3) Naugatuck Thomaston 97.0 42,000 8.1 8,920,000 6,784,000 1,796,000 17,500,000 674,000 3,058,000 LSk
Vorthfield Northfield ‘ L ‘

Brook | Brook Thomas ton 5.7 2,30 £.0 1,108,000 362,000 150,000 1,620,000 ~ 6L,300 120,000  1.87
Black Rock Branch Br - Thomaston 20.8 £,860 8.0 2,415,000 707,000 128,000 3,550,000 - 141,100 225,000 .  1.59
Hancock Brook  Hancock Br  Plymouth 12,0 3,820 6.0 756,000 1,316,000  LLB,000 2,520,000 - 98,200 153,000  1.56
Hop Brook Hop Brook  Middlebury 16,0 6,800 8.0 911,000 L67,000 1,122,000 2,500,000 109,600  1i1,000  1.29

Totals 16,865,000 10,621,000 5,294,000 " 32,780,000 1,289,200. L,069,000 3,16
OTHER RESERVOIRS STUDIEU |
Branch Brook(®) Branch Br  Thomaston 22,8 10,000 8.y 2,135,000 787,000 1,716,000 1,638,000 203,500  225,000(5) 1.11
Scovill Mad River  Wolcott 8.2 3,719 8.5 2,705,000 137,000 634,000 3,476,000 141,700  105,500(6) 0,74
Meadow Pond Meadow '

Brook Pond Br  Naugatuck 645 2,090 6.0 921,000 364,000 605,000 1,890,000 80,700  66,900(6) 0.83
Bladens River  Bladens R Seymour 10.0 6,000  11.25 2,030,000 848,000 1,230,000 - 1,108,000 174,500  25,800(6) 0,13
Little River  Little R Oxford 12,20 1,620 7.1 1,389,000 698,000 665,000 2,752,000 109,800  35,100(6) o0.32

El)Recommended in Interim Report, printed as H,Doc. 31, 85th Congress
Local costs ‘
3)Under construction - costs from I957 Ahnual Report

%E;Alterrative to Black Rock
2/Benefits acting in 7-<reservoir system in place of Black Rock
(6)nenefits acting alone after reductions by Thomaston



SECTION XX - PROPOSED LOCAL COOPERATION
51, GENERAL

No local participation in the cost of any of the reservoirs under
consideration is required since all projects will be operated solely
for flood control and will provide basinwide benefits. However, local
interests should be required to zone the channels downstream of the
proposed dams to prevent encroachment which would be harmful or detri-
mental to reasonable, efficient reservoir operation. The State of
Connecticut now has such a law and has established encroachment lines
on the main stem of the Naugatuck River (see paragraph 36). Similar
encroachment lines should be extended up the tributaries to the pro-
posed dam sites.

42
(R 11/1/58)



S

SECTION XXIIT - CONCLUSIONS AND RECOMMENDATIONS
55. CONCLUSIONS

Periodic flood discharges préduce major damages in the highly
industrialized Naugatuck River Basin. The area will continue to
face this threat after completion of the authorized Thomaston Res=
ervoir,

Additional protection can be provided by construction of flood
control reservoirs on tributaries of the Naugatuck River, The pro=
posed plan of reservoirs would afford a high degree of protection
and is economically justified. Local protection projects in lieu
of or in addition to the proposed plan are not economically justi-
fied at this time, with the possible exception of small projects
being or to be considered under authority of Public Law 205 of the
1948 Flood Control Act as amended by Public Law 685, 84th Congress,
and local protection at Ansonia. A supplemental report will be
prepared on Ansonia,

Multiple=purpose use of any of the proposed projects is not
economically justified at this time.

56, RECOMMENDATIONS

It is recommended that the plan for the control of floods in
the Naugatuck River Basin, approved by the 194l Flood Control Act
{(Public Law 53k, 78th Congress), be modified to provide for the
construction of flood control dams and reservoirs on Northfield
Brook; Branch Brook, Hancock Brook, and Hop Brook, all substantially
in accordance with plans described in this report, at a total esti-
mated first cost to the United States of $10,130,000 exclusive of
preauthorization costs, and annual costs of $30,000 for maintenance
and operation, providing local interests establish encroachment
lines downstream of the dams to permit reasonable, efficient reser-
voir operation,

Att, ALDEN K, SIBLEY
10 Report Plates Brigadier General, U, S. Ammy
6 Appendices Division Engineer
L7
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peak at the U, S, G, S. gage near Naugatuck, Connecticut. The
relative difference in timing of these floods is very small
despite the wide remge in flood magnitudes, This character-
istic reflects the rapid development of the flood on the main
river, and is produced by the many tributaries literally
“dumping® their contents into the main chamnel almost simulta-
neously through the entire valley, With no storage available,
this water in the main channel rises very quickly until the
water surface is nearly parallel with the steep gradient of
the river bed, = The hydraulic characteristics of the river
channel change with the rapid rise in river stages, thus cre-
ating high destructive veloeities throughout the entire river,
In the August 1955 flood, debris dams were formed temporarily
at constrictions, further raising the flood stages, Failure
of these temporary dams produced surges which undoubtedly
caused chain reactions downstream, further aggravating the
already critical conditions,

(3) Source of floods, - The source or origin of
floods above each damage center was determined in order to
establish the value of upstream reservoirs, A summary of the
discharge contributions from selected areas to the flood peaks
at Torrington, Thomaston, Waterbury, Naugatuck, and Ansonis is
tagﬁlated in Table B-6 and shown graphically on Plates B=5 and
B“'o

d, Standard project fleod, - The standard project flood
developed for the Naugatuck River was based on the standard
project storm rainfall as described in Civil Engineer Bulletin
No, 52-8, and in unit hydrographs derived from analyses of
record floods,

(1) Standard project storm, - The standard project
storm_was oriented in the lower part of the basin to determine
the need for supplementary flood protection after Thomaston
Reservoir, Consideration was given to increasing the volume
of the storm on the basis of the precipitation experienced in
August 1955, However, as noted in paragraph 6 c¢., flood peaks
in the Naugatuck River basin are a function of rainfall in-
tensity and antecedent conditions, . The intensities of the
standard project storm are greater than those occurring in
August 1955, hence will produce higher peak discharges, The
adoption of high unit hydrographs, as described in the next
paragraph, infers antecedent rainfall that saturates the ground
and justifies the assumption of rapid runoff conditions,

(2} Unit hydrographs, - Unit hydrographs were
derived for the gaged areas in Naugatuck Basin from investiga-
tions of floods of record, Analyses of the flood hydrographs

B=11



experienced in August 1955 resulted in unit hydrographs much larger
than previously computed, thus demonstrating that peaks of unit
hydrographs vary considerably with the magnitude of the flood, (See
Plates B=8a and B=8b), Application of these higher unit hydrographs
resulted in a greater standard project flood than derived in previous
studies, Unit hydrographs for the ungaged tributaries were based on
the unit hydrograph developed for Leadmine Brook, considering the
difference in drainage area characteristies,

(3} Flood discharges,

(a) Natural, The sbtandard project flood runoff from
the component areas routed and combined at Naugatuck produced a maxi-
mum discharge of 138,000 ¢,f.s8., which is about 30 percent greater
than experienced in the record flood of August 1955, A major reason
for this difference in magnitude is the orientation of the 2 storms,
The heavier rainfall in August occurred in the upper part of the
watershed while the standard project storm was located to make cone
ditions most critical in the lower basin, A summary of the standard
project flood derivation iz shown on Plate B=% with tributary and
local contributions tabulated in Table B=6,

(b) Modified, In determining the standard project
flood, as modified by Themaston and the proposed reservoirs, it was
assumed that the flood control reserveirs were empty at the beginning
of the storm, The reservoirs would be filled during the standard
project fleod but spillway discharges would be minor and would not
contribute to. the downstream flood peasks, The standard project flood
peak at Naugatuck, as modified by the proposed reservoirs, is 58,000
cofo80, which is about 50 percent greater than the August 1955 flood
modified by the same system of reservoirs, Local protection projects
at damage centers, studied as part of the basin review, were designed
ont the basis of the modified standard project flood, As no local
protection works have been found economically feasible, the standard
project flood has been used primarily to demonstrate the effective-
ness of the proposed reservoirs,

e, Typical tributary contribution flood, In order to evaluate
the relative flood control effectiveness and the economics of proj-
ects, a synthetic flood was developed to represent a typical distri-
bution of tributary flood conmtributions in the Naugstuck River Basin,
The floods of record were used to determine the relative shape and
timing of the component hydrographs with the peak discharge and vol=
ume related to frequency curves and average annual runoff. respee-
tively, These component hydrographs were combined and routed, where
necessary, to develop the main river hydrographs., Typical routing
coefficients were selected from analyzing record floods, Tributary

B=12
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ogee welr in the left abutment, The reservoir at spillway
erest would have an area of approximately 280 acres and would
extend upstream about 1,6 miles, The reservoir would have a
flood control capacity of 6800 acre-feet of storage, equivalent
to 8,0 inches of runoff from the tributary drainage area of
16,0 square miles,

€, Spillway and outlet capacities, =

(1) spillway capacities, Spillway capacities for dams
in the Naugatuck River Basin have been derived in accordance with
established procedure involving detailed unit hydrographs and
synthetic storms of probable maximum precipitation centered over
the watersheds. The data for the probable maximum precipitation
have been taken from Hydrometeorologiecal Report No, 33, Consid-
eration was. given to the need for revising this data in view of
the phenomenal storm of August 17=20, 1955, It was determined,
however, that for relatively amall watersheds the probable maxi-
mum rainfall provides a much more severe criterion than the 1955
gtorm and that no revision was required,

Unit hydrographs were derived from all applicable flood records
in the basin, and for adjacent rivers where watershed characteristics
were comparable, Flates B-8a and B-8b are summary sheets of unit hy-
drograph analysis for the U,S, Geological Survey gaging stations near
Thomaston Dam, The unit hydrographs from the August 1955 flood were
adopted with the unit hydrograph for Leadmine Brook, adjusted for
drainage area differences used to develop the spillway design flood
for the ungaged tributaries, Due to the high pezk values and short
period of concentration, it was considered that these unit hydro-
graphs would give conservative estimates for developing spillway
design flood inflows, The hydrographs of the spillway design floods
were derived by correlating the rainfall excess (assuming losses to
be 0,05 inches per hour) with the adopted unit hydrographs,

The spillway design floods were routed through surcharge
storage, assuming outlets operative, to determine various
lengths of spillway versus surcharge elevations, The selected
length of spillway and corresponding surcharge was based on the most
economical combination, Freeboard requirements were computed for
each dam based on feteh criteria and an assumed wind velocity con-
current with maximum surcharge, In general, a minimum freeboard of
five feet has been used to determine the top elevation of the non-
overflow sections of the dam, Pertinent data for the spillways are

included in Table B=7,

(2} Outlet capacities, = Outlet sizes were selected
to satisfy the Following criterias (a} obtain outlet discharges
equivalent to the downstream safe chamnel capacity with a pool el-
evation corresponding to 20 percent of the reservoir storage, (b)

B=17
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permit emptying the reservoir in a reasonable period of time, and (e)
provide adequate diversion capacity during construetion, The sizes of
ungated. outlets were tentatively selected to maintain channel capacities
with a reservoir stage slightly below spillway crest,

The type of outlet selected for each dam was based on the type of
dam, site limitations, and economics, The number and size of gates
were selected to provide flexibility during all operating conditions
and provide sufficient capacity to satisfy the preceding outlet criteria
with 1 gate inoperative, Discharge rating curves were determined by
conventional methods of evaluating head losses for friction, entrance,
gate slots, and transitions in terms of the velocity head at the portal,
Pertinent data for the outlets are also shown in Table B=T7,

£, Effect of flood control plans, The effectiveness of each
reservoir, acting alone or in various combinations with Thomaston was
determined as measured by the TICF, The final recommended system was
tested by the flood of record and the Standard Project Flood, Table
B=8 is a summary of the natural and modified river stages and discharges
for various floods as modified by Thomaston alone and the comprehensive
system at principal damage centers,

o Reservoir regulation, The Hall Meadow Brook and East Branch
Reservoirs in the upper Naugatuck River Basin will be operated pri-
marily for the City of Torrington, The other reservoirs will be oper=
ated as a system to maintain flows within safe channel capacities ine
sofar as possible, Key index points for regulating discharges will be
Waterbury, Naugatuck, and Ansonia, The reservoirs at Northfield Brook
and Hancock Brook would be ungated and will act as simple retarding
basins, Control gates in the other structures will be partially or
cempletely closed whenever the flows at the index points are expected
to exceed the channel capacities, Actual regulation experience will
be required to determine the safe channel capacities which are tenta-
tively estimated as followss

Estimated channel

Location capacity in c¢.f,.s,
Waterbury 10,000
Naugatuck 15,000
Ansonia 18,000

Plates B=5, B=6, and B=9 show the effect of the proposed regu-
lation on the floods of December 19L8 and August 1955 and standard
project flood, The regulation of the reservoirs is demonstrated in
Plate B=10 which shows the operation for the standard project flood,
Some spillway discharge would have occurred but this discharge would

B=18
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APPENDIX C
FLOOD LOSSES AND BENEFITS
1, DAMAGE SURVEYS

Preliminary damage surveys were made in the principal flood areas
of the lower Naugatuck River Basin immediately after the flood of August
1955, In view of unprecedented flood stages and damages, losses were
referenced to 1955 stages. Additional surveys were conducted during
1956 to obtain damage information for flood-control reservoir studies
on the principal tributary streams.

Damage surveys consisted essentially of door=to=door interviews

" and inspections of hundreds of residential, commercial, industrial, and

other properties affected by flooding. Recorded information included
extent of the areas flooded, descriptions of property, nature and amount
of damages, depths of flooding, high-water references, and relationships
to prior flood stages., Damage estimates were generally furnished by prop-
erty owners, although some estimates were modified by the investigators

if owner evaluations appeared unreasonable., Sampling methods were used
by the investigators to estimate losses of small groups of similar resi-
dences which experienced the same depth of flooding. Central sources of
information and other valuable information from local, State, and utility
officials were used extensively to save time and reduce survey costs,

Sufficient data were obtained to derive losses for (1) the 1955
flood crest, (2) a stage 3 feet above 1955 crest, (3) the stage at which
damage begins referenced to the 1955 flood crest, and (L) intermediate
stages indicating sharp changes in stage-=loss relationships,

2. 10SS CLASSIFICATION

Flood loss information was recorded by type of loss and by location.
Loss types used were urban (residential, commercial, public),industrial,
highway, railroad, and utility. Losses were recorded by main-stem reaches
of the Naugatuck River downstream of the Thomaston Dam site to provide a
basis for snalyses of average annual losses and benefits.

~ Losses evaluated in the surveys were the result of tangible, primary
demages, Primary losses comprise physical losses such as damage to struc-
tures, equipment, stock, and costs of repair and clean-up; and non-physical
losses such as unrecoverable loss of business, wages, or production, in-
creased cost of operation, cost of temporary facilities, and increased
cost of shipment in the flood areas.



Primary losses resulting from physical damage and a large part of
the related non=physical loss were determined by direct inspection of
property and evaluation of losses by property owners and field inves=
tigators., Where non=physical portions of primary losses could not be
determined on the basis of available data, estimates were based upon
the relationship between physical and non-physical losses for gimilar
properties in the area.

No evaluations were made of secondary or intangible damages. ’‘Seccn-
dary damages, those incurred outside the immediate flood areas under study,
include such items as business loss, loss of utilities and transportation
facilities, and increased cost of travel and shipment of goods,.

3. RECURRING AND PREVENTABLE LOSSES

Stage-loss and stage-discharge relationships were developed to re-
flect the magnitude of recurring losses at varying stages of flecoding
above and below the reference flood, The recurring losses used in devel-
opment of the stage-loss relationship reflect economic and physical changes
in the area since 1955 as revealed by the damage surveys., Table C=1 shows
1955 recurring losses after reductions by Thomaston, Hall Meadow, and East
Branch Reservoirs and the P,L, 685 project at Waterville-Waterbury, and the
losses prevented by combined operation of the Northfield Brook, Black Hock,
Hancock Brook, and Hop Brook reservoirs, together with a description of the
main damage zones in the lower Naugatuck River Basin,

lio ANNUAL IOSSES

Estimated recurring losses in the main damage zones of the lower
Naugatuck River Basin were converted to annual losses as a basis for de-
termining the annual benefits to be used in economic evaluation of flood
control projects., These annual loss estimates were derived by correla-
tion of stage-loss, stage-discharge, discharge-frequency and stage-fre=
quency relationships, and by correlation of discharge-damage and discharge-
frequency relationships, to produce damage-frequency relationships in ac-
cordance with standard practices of the Corps of Engineers., Average annual
losses on Northfield, Branch, Hancock, and Hop Brooks, were determined by
cornversion of recurring record flood losses to annual losses by an estab-
lished percentage relationship. This percentage relationship was deter-
mined by averaging the percentage relationship of the annual losses,
obtained by standard methods, with the record flood losses found for all
damage zones in southern New England. Average annual losses remaining
after Thomaston, Hall Meadow, and East Branch Reservoirs and the P.L. 685
project at Waterville-Waterbury, and after the recommended plan are shown
in Table C=2. Examples of curves used for computation of ammual losses and
benefits are shown on Plate No. C<l, ,

5. ANNUAL BENEFITS

Average amnual flood damage prevention benefits were derived for the
main damsge zones in the lower Naugatuck River Basin by determining the

C-2
(R 11/1/58)
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TOTAL

RECURRING AND PREVENTABLE LOSSES =

TAHLE C-1
FLOOD OF AUGUST 1955

LOWER NAUGATUCK RIVER
(1958 price level)

Recurri.ﬁg Logses Losses Preventable Residual

after Thomaston by Northfield, Black Rock, Recurring

Reductions * Hancock, and Hop Brooks Losges

$  Lo,000 $ 35,000 $ 5,000
2,550,000 2,430,000 120,000
h,9i§,ooo 2,705 ,ooo 2,210,000
1,850,000 1,565,000 325,000
l1,1430,000 3,135,000 1,295,000

325,000 260,000 65,000

2,615,000 1,425,000 1,150,000
8,155,000 k4,645,000 3,510,000
3,610,000 1,665,000 1,975,000

$28,560,000 $17,865,000 $10, 695,000

- DESCRIPTION CF MAIN DAMAGE REACHES

Descrigtion

Thomaston Dam to Oris Hanufacturing Company dam at Reynolds
Bridge.

Oria Manufacturing Company dam to mouth of Spruce Brook at
Waterbury town line.

Mouth of Spruce Brook to American Brass Company dame

American Brass Company dam to Bank Street bridge.

Bank Street bridge to Flatt Brothers and Company ‘dam at
lower Waterbury.

Platt Brothers and Company dam to Beacon Falls Rubber Shoe
Company dam. '

Beacon Falls Rubber Shoe Company dam to Seymour Manufacturing
Company dam.

Seymour Manufacturing Company dam to headwater of American
Brass Company dam at Seymour, - }

American Brass Company dam to tidewater at Division Street
bridge on Derby town line.

Downstream of Divisicn Street bridge and including tidewater
zone on the Housatonic River downstream of Shelton Canal
Company dam,

*Includes reductions by Hall Meadow and East Branch Reservoirs and by P.L. 685 project at Waterville-Waterbury.



difference between average annual loss after discharge reductions by
Thomaston, Hall Meadow, and East Branch Reservoirs and the P.L, 685 proj-
ect at Waterville-Waterbury and those remaining after construction of
four reservoirs on Northfield, Branch, Hancock, and Hop Brooks. Because
of the very high percent reductions of discharge on the tributaries, the
regervoir projects obtain average annual benefits equal to the average
annual losses., Table C=3 presents a summary of the average annual flood
damage prevention benefits realized by the individual projects in the
reservoir system; as well as the annual benefits for each project acting
last in the system of reservoirs,

TABLE C=2

RESIDUAL AVERAGE ANNUAL LOSSES
(1958 price level)

. Average Annual Losses Residual Average
after Thomaston Annual Losses after
Zone Reservoir Reductionss Recommended Plan
1 - -
2 $ 1,000 $ -
3 81,000 21,000
L 17,000 148,000
5 38,000 95000
6 153,000 50,000
7 25,000 11,000
8 81,000 35,000
9 211,000 105,000
10 2lily, 000 ,1809000
Tributaries 90,000 =
Total $1,098,000 ‘ $L59,000

#Includes reductions by Hail Meadow and East Branch Reservoirs and
the P.L. 685 project at Waterville-Waterbury

(R 11/1/58)



TABLE C=3

TOTAL FLOOD DAMAGE PREVENTION BENEFITS
(1958 Price Level)

|
BENEFITS TO PROJECTS IN SYSTEMs
|
(

No Priority Project as Last
Pro jects to Projects ~ in System
Northfield Brook $120,000 $107,000
Branch Brook 225,000 183,000
Hancock Brook 153,000 118,000
Hop Brook 141,000 116,000
Total $6399006

#After reductions by Thomaston, Hall Meadow and East Branch
Reservoirs and the P.L. 685 project at Waterville-Waterbury,

C=5
(R 11/1/58)



